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Approximately  80%  of  general  aviation  accidents  in  the  past  decade  have  been 
attributed  to  errors  made  by  pilots.  For  this  reason,  the  most  promising  approach 
to  making  substantial  improvements  in  general  aviation  safety  is  through  the 
systematic  study  of  factors  affecting  the  performance  of  general  aviation  pilots 
(i.e.,  human  factors)  and  use  of  the  resultant  information  to  enhance  pilot  per¬ 
formance.  In  recognition  of  the  need  for  comprehensive  information  to  aid  in 
the  planning  of  such  studies,  the  major  objective  of  the  work  reported  here  was 
to  identify  and  analyze  human  factors  design  issues  related  to  the  major  perform¬ 
ance  problems  of  general  aviation  pilots.  Thirty-five  such  issues  were  identified, 
primarily  through  the  review  of  the  human  factors,  aircraft  accident,  and  general 
aviation  literature.  The  analysis  and  discussion  of  these  issues  was  structured 
through  the  use  of  a  conceptual  model  of  the  components  of  the  general  aviation 
system.  Six  such  components  were  identified— ( 1)  aircraft,  (2)  airports,  (3) 
aeronautical  information  systems,  (4)  the  pilot  certification  and  rating  structure, 
(5)  training  and  proficiency  assessments  for  certificates  and  ratings,  and  (6) 
continuation  training  and  recurrent  proficiency  assessments. 
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EXECUTIVE  SUMMARY 


Approximately  80%  of  general  aviation  accidents  in  the  past  decade  have  been  attributed  to 
errors  made  by  pilots.  For  this  reason,  the  most  promising  approach  to  making  substantial 
improvements  in  general  aviation  safety  is  through  the  study  of  factors  affecting  the 
performance  of  general  aviation  pilots  (i-e.,  human  factors)  and  use  of  the  resultant 
information  to  enhance  pilot  performance.  In  recognition  of  the  need  for  such  studies,  the 
Office  of  Systems  Engineering  and  Management  of  the  Federal  Aviation  Administration 
(FAA)  and  the  FAA  Technical  Center  have  begun  a  systematic  program  of  research  on 
human  factors  in  general  aviation.  This  program  has  two  parts --(1)  a  systematic  review 
of  human  factors  problems  in  general  aviation,  and  (2)  the  subsequent  conduct  of  a  series 
of  human  factors  research  activities  aimed  at  the  development  of  direct  solutions  to  the 
most  critical  problems.  This  report  presents  the  findings  of  the  first  of  these  activities. 

OB)  ECTIVES. 


The  objectives  of  the  present  effort  were: 

•  to  identify  major  problems  affecting  the  performance  of  general  aviation  pilots, 

•  to  determine  the  types  of  human  factors  data  required  to  identify  and  support 
actions  to  solve  such  problems,  and 

•  to  analyze  the  implications  of  these  requirements  for  planning  and  managing 
future  human  factors  research  activities  in  support  of  general  aviation. 

APPROACH. 


To  accomplish  these  objectives,  a  wide  variety  of  documental  information  was  collected 
concerning  the  performance  problems  of  general  aviation  pilots,  and,  when  relevant;  pilots 
in  general.  This  information  was  acquired  through  the  use  of  both  automated  and  manual 
searches  of  a  broad  range  of  sources,  including  the  scientific  and  engineering  research 
literature,  regulatory  reports  of  various  government  agencies,  and  aviation  publications.  In 
addition,  personnel  in  various  private  and  government  organizations  involved  with  general 
aviation  and  aviation  safety  were  interviewed  to  provide  an  overall  perspective  for  orga¬ 
nizing  the  information  derived  from  the  published  sources,  as  well  as  to  identify  problems 
that  might  not  have  been  adequately  addressed  in  the  literature. 


The  analysis  of  this  information  was  structured  through  the  use  of  a  conceptual  model  of 
the  complex  of  factors  affecting  pilot  performance  in  general  aviation.  The  central 
premise  of  this  model  is  that  pilot  performance  problems  result  from  incongruities  between 
task  or  performance  demands  made  on  the-  pilot  and  his  physical,  physiological,  and 
psychological  capabilities  to  meet  those  demands.  Thus,  individual  actions  that  can  be 
taken  to  reduce  pilot  performance  problems  must  increase  pilot  capabilities  and/or  reduce 
task  demands.  The  identification,  management,  and  modification  of  those  factors  that 
affect  task  demands  and/or  pilots  capabilities  is  the  key  to  improved  safety.  Such  factors 
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In  the  development  of  the  model,  six  such  components  were  identified.  Three  of  these 
interact  to  influence  task  demands,  while  the  other  three  interact  to  influence  pilot 
capabilities.  Those  components  that  influence  task  demands  are  (examples  of  aspects  of 
the  components  that  influence  pilot  performance  are  included  in  parentheses  after  each 
component ) : 

(1)  aircraft  (e.g.,  controls  and  displays,  handling  characteristics,  extracockpit 

visibility,  environmental  support); 

(2)  airports  (e.g.,  runways  and  approach  aids);  and 

(3)  aeronautical  information  systems  (e.g.,  docimental  information  concerning 

operation  of  the  aircraft  and  use  of  the  National  Airspace  System,  as  well  as  real  time 
communications  with  air  traffic  service  facilities). 

The  components  that  influence  pilot  capabilities  are: 

(1)  the  pilot  certification  and  rating  structure  (e.g.,  entry  level  requirements  and 
task  subsets  for  certificates  and  ratings); 

(2)  training  and  proficiency  assessments  for  pilot  certificates  and  ratings  (e.g., 

training  requirements,  training  methodologies,  design  of  training  devices,  certificated  flight 
instructors,  and  proficiency  tests);  and 

(3)  continuation  training  and  recurrent  proficiency  assessments  (e.g.,  continuation 

training  requirements  and  methods,  and  the  structure  of  proficiency  reviews). 

In  application  of  this  model,  the  key  to  the  solution  of  pilot  performance  problems  lies  in 
the  design  of  each  of  these  components.  That  is,  each  component  must  be  designed  so  as 
to  Interact  with  other  components  to  attain  or  maintain  congruency  between  task  demands 
and  pilot  capabilities.  Because  of  the  diverse  nature  of  general  aviation,  however,  each  of 
these  components  typically  is  designed  by  different  personnel  working  independently  of  one 
another.  Since  there  is  not  a  single  system  designer  responsible  for  integrating  all  the 
components,  each  of  these  independent  component  designers  has  the  responsibility,  wittingly 
or  unwittingly,  for  selecting  from  among  the  design  alternatives  pertinent  to  his  component, 
and,  as  a  consequence,  for  aiding  or  hindering  the  achievement  of  the  overall  system  goal 
of  harmony  between  task  demands  and  pilot  capabilities. 

Such  determinations  require  that  these  oomponent  design  personnel  have  information  about 
system  interrelationships  and  the  effects  of  design  alternatives  on  pilot  performance.  When 
such  information  is  incomplete  or  absent,  a  human  factors  design  issue  exists  and  research 
is  needed  to  generate  the  needed  data  required  to  support  design  decisions.  Thus,  the 
human  factors  design  issues  serve  as  the  basic  units  for  describing  research  needs.  Some 
35  such  issues  were  identified  in  the  present  study  through  analysis  of  the  docimental  and 
interview  information  collected. 

HUMAN  FACTORS  DESIGN  ISSUES. 

The  human  factors  design  issues  that  were  identified  are  listed  below  and  are  discussed  in 
detail  in  Chapters  It  through  VII.  (The  number  beside  each  issue  corresponds  to  its 
posit  bn  in  the  sequence  of  issues  in  those  chapters.) 
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1.  Identification  of  Requirements  for  Human  Factors  Engineering  Standards  and  Guidance 
for  Aircraft  Controls  and  Displays 

2.  Development  of  Objective  Assessment  Methods  for  Aircraft  Handling  Qualities 

3.  Identification  of  Requirements  for  Extracockpit  Visibility  Criteria  and  Guidelines 

4.  Identification  of  Requirements  for  Human  Factors  Guidelines  and  Standards  Concerning 
Intracockpit  Noise  and  Vibration 

5.  Identification  of  Requirements  for  Integrated  Flight  Management  Systems 

6.  Generation  of  Runway  Surface,  Marking,  and  Lighting  Requirements 

7.  Identification  of  Requirements  for  Airport  Approach  Aids 

8.  Identification  of  Requirements  for  Normal  and  Emergency  Aircraft  Operating 
Procedures 

9.  Determination  of  Information  Dissemination  Methods  for  Aircraft  and  Subsystem 
Operating  Procedures 

10.  Determination  of  Requirements  for  Aircraft  and  Subsystem  Performance  Data 

11.  Specification  of  Formats  for  Presentation  of  Aircraft  and  Subsystem  Performance  Data 

12.  Assessment  of  Impact  of  Different  Airspace  Assignments  on  Pilot  Performance 

13.  Identification  of  Requirements  for  Modification  of  Minimum  Visibility  and  Cloud 
Clearance  Standards  for  VFR  Flight 

14.  Development  of  Guidance  for  the  Design  of  Instrixnent  Flight  Procedures 

15.  Identification  of  Requirements  for  Communications  Between  General  Aviation  Pilots  and 
Air  Traffic  Control  Personnel 

16.  Identification  of  Requirements  for  Communications  Between  General  Aviation  Pilots  and 
Flight  Service  Personnel 

17.  Determination  of  Flight  Experience  Requirements  for  Certificates  and. Ratings 

18.  Determination  of  Medical/Psychophysiological  Requirements  for  Certificates  and  Ratings 

19.  Identification  of  Task  Subsets  for  Current  Certificates  and  Ratings 

20.  Identification  of  Needs  for  New  Certificates 

21.  Identification  of  Needs  for  New  Ratings 

22.  Identification  of  Training  Requirements  for  Certificates  and  Ratings 


v 


23.  Determination  of  Training  Techniques  for  Use  in  the  Aircraft 

24.  Determination  of  Training  Methods  for  Use  in  Pilot  Training  Devices 

25.  Determination  of  Training  Device  Fidelity  Requirements 

26.  Design  of  Instructional  Support  Features  for  Pilot  Training  Devices 

27.  Determination  of  Instructor  Training  Requirements 

28.  Development  of  Cuidance  for  Recurrent  Instructor  Training 

29.  Development  of  Cuidance  for  the  Modification  of  Written  Proficiency  Tests 

30.  Development  of  Objective  Flight  Checks 

31.  Identification  of  Techniques  for  Using  Alternative  Test  Media 

32.  Determination  of  Requirements  for  Continuation  Training 

33.  Identification  of  Methods  for  Encouraging  Continuation  Training 

34.  Determination  of  Requirements  for  the  Recurrent  Assessment  of  Pilot  Proficiency 

35.  Determination  of  Cuidance  for  Structuring  the  BFR 

While  all  of  these  35  issues  were  deemed  to  be  important,  they  were  grouped  into  these 
categories  with  respect  to  their  relative  research  priorities  to  aid  research  managers  in 
the  use  of  the  results  of  this  effort.  The  procedures  and  criteria  employed  to  make  this 
judgement  are  described  in  Chapter  I,  and  the  category  to  which  each  issue  was  assigned 
is  listed  in  Appendix  C.  The  nine  issues  assigned  to  the  category  with  the  highest  priority 
were  1,  5,  15,  19,  22,  27,  32,  34,  and  35. 

CONCLUSIONS  AND  RECOMMENDATIONS. 

Great  strides  have  been  made  in  general  aviation  safety  in  spite  of  increases  in  its  size 
and  the  complexity  of  its  equipment  and  operations.  Thus,  the  fact  that  the  emphasis  in 
this  report  has  been  on  pilot  performance  problems  should  not  obscure  the  achievements 
and  progress  that  have  been  made.  The  35  issues  that  have  been  identified,  however, 
indicate  that  there  is  much  yet  to  be  done  to  alleviate  pilot  performance  problems.  As 
noted  previously,  research  programs  to  settle  these  various  issues  may  differ  in  terms  of 
their  priorities,  but  all  are  important  to  an  effective  general  aviation  system. 

Finally,  the  conceptual  model  developed  during  this  study  and  the  35  issues  that  were 
identified  represent  an  initial  attempt  to  develop  the  use  of  the  systems  approach  as  an 
organizing  framework  for  planning  human  factors  research  and  for  determining  how  to 
implement  the  results  of  such  research  in  the  general  aviation  context.  Full  development 
of  such  an  approach,  however,  will  require  the  establishment  of  a  human  factors  research 
management  system.  Therefore,  it  is  recommended  that  research  be  oonducted  that  Mould 
define  the  functional  requirements  for  such  a  system. 


PREFACE 


That  portion  of  the  aviation  community  referred  to  as  'general  aviation*  is  an  important 
and  growing  segment  of  aviation.  General  aviation,  which  includes  all  civil  aviation  except 
for  air  carriers,  involves  over  190,000  aircraft  of  varying  types  and  approximately  800,000 
persons  who  hold  pilot  certificates.  Not  only  is  it  the  largest  segment  of  civil  aviation,  it 
is  a  segment  that  is  becoming  increasingly  vital  to  the  business  community  as  well  as  to 
society  in  general. 

General  aviation  is  undergoing  significant  changes,  and  clearly  it  faces  a  number  of 
significant  challenges  in  the  1980s  and  1990s.  Some  of  these  changes  are 

technological  - -e.g.,  the  advent  of  the  computer  into  the  cockpit- -while  others  relate  to 
patterns  of  aircraft  usage --e.g.,  the  increasing  market  for  business  jet  and  turboprop 
aircraft.  Perhaps  the  most  critical  area  of  change- -and  challenge- -is  that  relating  to 
the  availability  and  cost  of  aircraft  fuels.  All  of  these  changes,  as  well  as  many  others, 
present  significant  challenges  to  general  aviation,  indeed  to  all  of  aviation,  in  the 
immediate  future. 

There  are,  however,  other  types  of  challenges  that  general  aviation  must  meet  in  order  to 
play  its  role  in  American  commerce  and  society  in  the  most  beneficial  fashion.  One  such 
challenge,  in  fact  a  pervasive  concern,  is  that  of  enhancing  flight  safety.  Safety  drives 
the  engineering  design  activities  of  the  manufacturers  of  aircraft  and  associated  systems, 
as  well  as  the  activities  of  the  weekend  pleasure  pilot.  Safety  is  also  the  major  concern 
of  the  Federal  Aviation  Administration  (FAA),  the  agency  responsible  for  the  regulation  of 
the  civil  aviation  system. 

There  are  many  factors  that  influence  the  safety  of  general  aviation.  Aircraft  and 
aircraft  system  manufacturers  have  produced  equipment  for  general  aviation  that  is  highly 
reliable,  and  they  are  constantly  seeking  to  improve  their  products.  But,  reliable 

equipment  must  be  operated  by  pilots  who  can  perform  the  tasks  required  for  them  if  the 
overall  system  of  man  and  aircraft  is  to  function  safely  and  effectively.  It  is  in  this 

area  of  human  performance  enhancement  that  one  of  the  major  challenges  for  general 
aviation  lies. 

In  recognition  of  the  criticality  of  pilot  performance  factors  to  general  aviation,  the 

Office  of  Systems  Engineering  and  Management  of  the  FAA  and  the  FAA  Technical  Center 
have  initiated  a  program  of  human  factors  research  in  general  aviation.  The  goals  of  the 
program  relate  to  enhancing  pilot  performance,  improving  the  compatibility  of  the  pilot  and 
the  equipment  and  system  with  which  he  interacts,  increasing  the  overall  effectiveness  with 
which  general  aviation  fulfills  its  various  roles,  and,  as  a  consequence,  increasing  safety  in 
general  aviation  operations. 

The  present  report  presents  results  of  one  aspect  of  that  program,  specifically,  a 

systematic  review  of  human  factors  problems  in  general  aviation.  The  objective  was  to 
conduct  a  comprehensive  review  of  the  scientific,  technical,  and  other  literature  relevant  to 
such  problems.  The  review  focused  on  those  items  relevant  to  pilot  performance  problems 
in  general  aviation,  particularly  as  they  relate  to  flight  safety  concerns,  and  identified 
human  factors  research  issues  uiderlying  such  problems  and  assigned  research  priorities  to 
them.  The  identification  and  prioritization  of  such  issues  can  serve  as  one  input  into 
determination  of  subsequent  general  aviation  human  factors  research  activities  to  be 
conducted  by  the  FAA. 
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The  present  effort  was  carried  out  by  the  Seville  Research  Corporation  tnder  subcontract 
to  Embry-Riddle  Aeronautical  University  (E-RAU).  The  efforts  of  E-RAU  were  conducted 
under  prime  contract  DOT -FA79NA- 6040.  Mr.  Dauglas  Harvey  is  the  Contracting  Officer’s 
Technical  Representative  for  the  FAA  Technical  Center.  The  present  effort  is  Task  No.  1 
of  several  tasks  projected  under  the  prime  contract.  A  second  task,  currently  underway, 
involves  an  experimental  investigation  of  the  current  200-hour  experience  requirement  for 
the  FAA  instrunent  rating.  Task  No.  2  is  being  conducted  jointly  by  E-RAU  and  Seville 
personnel. 

The  work  reported  here  was  conducted  by  a  team  of  Seville  personnel  rnder  the  direction 
of  Dr.  Jack  B.  Shelnutt.  The  literature  review  and  interviews  were  conducted  principally 
by  Dr.  Shelnutt  and  Dr.  Jerry  M.  Childs,  with  additional  assistance  provided  by  Dr.  William 
D.  Spears.  The  overall  effort  was  conducted  inder  the  cognizance  of  Dr.  Wallace  W. 
Prophet,  Program  Manager  for  Seville.  Able  assistance  to  the  effort  was  provided  by 
personnel  of  the  E-RAU  Library.  Mr.  Julius  H.  Candelman  was  Principal  Investigator  for 
E-RAU. 
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I.  INTRODUCTION 


General  aviation  currently  fulfills  a  variety  of  important  roles  in  American  society.  It 
provides  public,  business,  and  personal  transportation  for  many  persons,  as  well  as 
providing  a  means  of  satisfying  numerous  other  industrial,  public  service,  agricultural,  and 
commercial  needs.  Its  services  vary  from  emergency  medical  evacuation  to  aerial  survey 
of  wildlife  populations.  In  meeting  these  needs,  general  aviation  also  furnishes  jobs  to  a 
large  number  of  citizens  and  provides  opportunities  for  investment  in  aviation  and 
aviation -related  industries.  Finally,  it  provides  pleasure  and  recreation  to  numerous 
private  citizens  who  simply  like  to  fly. 

General  aviation's  past  growth  has  been  steady  and  substantial,  and  it  is  expected  that  it 
will  continue  to  expand  its  role  in  future  years,  thus  increasing  the  already  substantial 
social  and  economic  benefits  it  provides.  It  should  be  noted,  though,  that  general  aviation 
faces  problems  that  must  be  solved  if  it  is  to  continue  to  grow  and  provide  increased 
benefits  over  the  last  two  decades  of  the  century.  Such  problems  include  fuel  availability, 
rising  capital  and  operating  costs,  environmental  concerns,  and  a  variety  of  others. 
However,  paramount  among  general  aviation's  problems  is  the  matter  of  flight  safety. 
Stated  succinctly,  general  aviation  must  meet  the  challenge  of  reducing  its  accident  rate 

significantly  if  it  is  to  realize  its  full  potential  in  years  to  come. 

Many  individuals,  both  inside  and  outside  of  general  aviation,  believe  the  present  accident 
rate  is  one  of  general  aviation's  major  problems,  one  that  threatens  its  acceptance, 
support,  and  use  by  the  public*  A  nimber  of  persons  have  written  persuasively  on  this 
subject;  e.g.,  see  Collins  (1980),  Rudolph  (1974),  Silver  (1976),  Connor  and  Hamilton 
(1979),  and  McCourt  and  Hewin  (1979).  Such  writings  illustrate  the  substantial  demand 
that  exists  for  actions  that  will  improve  the  safety  of  general  aviation  without  reducing 
the  benefits  that  can  be  derived  from  it.  The  present  report  represents  a  systematic 

attempt  to  examine  this  problem  from  a  particular  perspective,  that  of  the  discipline  of 
human  factors,  in  order  to  identify  appropriate  approaches  to  solutions. 

In  excess  of  80  percent  of  general  aviation  accidents  in  the  past  decade  have  been 

attributed  to  errors  made  by  pilots.  For  this  reason,  perhaps  the  most  promising  approach 
to  making  substantial  improvements  in  general  aviation  safety  will  be  through  the  study  of 
factors  affecting  the  performance  of  general  aviation  pilots  (i.e.,  human  factors)  and 

through  use  of  the  resultant  information  to  devise  actions  to  enhance  pilot  performance. 
There  are,  however,  several  complicating  concerns  in  such  study.  First,  the  study  of 
human  factors  in  general  aviation  is  complicated  by  the  large  number  of  variables  that  can 
affect  pilot  performance.  Not  only  is  the  number  of  variables  large,  they  are  related  in 
complex  ways  such  that  their  effects  cannot  be  studied  in  isolation.  Moreover,  the  extent 
to  which  human  factors  studies  can  be  conducted  is  necessarily  restricted  by  the  expense 
of  performing  aviation  research  and  the  practical  limitations  on  research  funds.  Priorities, 
therefore,  must  be  established.  For  human  factors  studies  to  be  efficient,  research  topics 
must  be  addressed  on  a  programmatic  basis  that  systematically  focuses  investigations  on  the 
most  critical  needs  for  human  factors  data. 

In  recognition  of  this  need,  the  Office  of  Systems  Engineering  and  Management  of  the 
Federal  Aviation  Administration  (FAA)  and  the  FAA  Technical  Center  have  initiated  a 
systematic  integrated  program  of  research  on  human  factors  in  general  aviation.  This 


program  has  two  parts:  (1)  a  systematic  review  of  human  factors  problems  in  general 
aviation,  including  a  determination  of  what  is  presently  known  about  their  nature  and  an 
assessment  of  their  relative  magnitude  and  criticality;  and  (2)  subsequent  conduct  of  a 
coordinated  series  of  hunan  factors  research  activities  aimed  at  the  development  of  direct 
solutions  to  those  problems  and  development  of  the  data  base  underlying  the  solutions.  The 
present  report  presents  the  results  of  the  first  of  these  activities,  a  systematic  survey  of 

the  research  and  technical  literature  relevant  to  identification  and  assessment  of  human 

factors  problems  in  general  aviation. 

OB|  ECTIVES. 

In  seeking  to  review  the  body  of  literature  and  other  information  that  would  allow  the 

identification  and  description  of  human  factors  problems  in  general  aviation,  a  relatively 
broad  conception  of  human  factors  problems  has  been  utilized.  Specifically,  in  order  that 
the  survey  have  the  greatest  probability  of  detecting  all  significant  hunan  factors 
problems,  particularly  those  related  to  flight  safety,  the  effort  has  sought  to  access  any 
information  relating  to  "pilot  performance  problems."  Whether  or  not  a  pilot  performance 
problem  was  formally  identified  in  a  source  document  as  a  "human  factors"  problem,  it 
was  felt  that  the  fact  of  the  problem's  having  been  categorized  as  dealing  with  pilot 

performance  made  it  an  appropriate  object  of  this  search.^  With  this  orientation  in  mind, 
the  objectives  of  the  present  effort  were: 

•  to  identify  major  problems  affecting  the  performance  of  general  aviation  pilots, 

•  to  determine  the  types  of  hunan  factors  data  required  to  identify  and  support 
actions  to  solve  such  problems,  and 

•  to  analyze  the  implications  of  these  requirements  for  planning  and  managing 
future  human  factors  research  activities  in  support  of  general  aviation. 

The  approach  followed  in  this  effort  to  achieve  these  objectives  is  described  in  greater 
detail  in  the  last  section  of  this  chapter.  Generally,  it  consisted  of:  (a)  the  acquisition 
and  review  of  a  wide  variety  of  documentary  and  interview,  information  concerning  general 
aviation  pilot  performance  problems;  (b)  development  of  a  system -design,  action -oriented 
hunan  factors  conceptual  structure  for  organizing  that  information;  (c)  f'Stematic  review 
and  analysis  of  the  information  base  with  reference  to  that  structure;  (d)  identification  of 
pilot  performance  problems  and  system  design  issues;  and  (e)  assessments  of  priorities  to 
provide  a  basis  for  future  research  management. 


There  are  additional  aspects  of  pilot  performance  and  safety  that  may  be  of 
concern  for  hunan  factors  research  and  that  are  not  treated  here--e.g.,  crash  survivability 
considerations  in  the  design  of  aircraft,  and  the  efficiency  of  pilot  performance  with 
respect  to  the  accomplishment  of  mission  goals.  Similarly,  individuals  such  as  air  traffic 
controllers  and  maintenance  personnel  influence  general  aviation  safety,  and  their 
performance  should  also  be  the  subject  of  hunan  factors  investigations.  The  goal  of  the 
present  study,  however,  was  to  focus  on  factors  affecting  the  effectiveness  of  pilot 
performance. 
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BACKGROUND. 


Two  basic  considerations  governed  the  approach  taken  in  this  study.  They  will  be  discussed  J 

briefly  in  order  to  provide  the  reader  with  appropriate  background  for  mder standing  the 
approach.  These  considerations  deal  with:  (1)  the  diversity  of  general  aviation  in  terms 
of  its  missions,  its  pilots,  the  aircraft  of  concern,  and  the  various  organizations  that  play  1 

a  significant  role  in  general  aviation;  and  (2)  the  nature  of  pilot  performance  problems  j 

and  their  relationship  to  the  human  factors  discipline  and  to  system  design  solutions.  j 

1 

GENERAL  AVIATION  DIVERSITY.  General  aviation  has  no  legal  definition,  but  the  term  is  j 

commonly  used  in  reference  to  all  civil  aviation  except  air  carriers  (Smith,  1977).  This  ] 

comprises  a  rather  substantial  segment  of  the  aviation  community;  it  includes  (1)  a  wide  j 

variety  of  different  aviation  missions,  (2)  almost  200,000  aircraft  of  greatly  different  . 

size,  cost  and  sophistication,  (3)  approximately  800,000  pilots  with  varying  skills  and 
motivations,  and  (4)  a  number  of  different  government  agencies  and  private  organizations 
involved  in  the  design  of  general  aviation  aircraft,  the  training  of  pilots,  and  other  related 
activities.  This  varied  composition  complicates  the  study  of  hunan  factors  in  general 
aviation  and  must  be  considered  in  the  planning  of  research  to  identify  and  solve  pilot  i 

performance  problems. 

General  Aviation  Missions.  The  missions  of  general  aviation  may  be  classified  as  j 

shown  in  Table  1.  These  missions,  when  considered  along  with  the  other  factors,  determine 
performance  requirements  for  aircraft  and  pilots.  For  example,  transportation  missions 
require  mostly  point-to-point  navigation,  while  agricultural  missions  frequently  entail 
extensive  maneuvering  with  respect  to  terrain  and  selected  points  on  the  ground.  Effective 
performance  of  these  diverse  tasks  requires  different  pilot  and  aircraft  capabilities.  Thus,  j 

the  categories  in  Table  1  represent  not  only  the  diversity  of  general  aviation  missions,  but 
also  the  variations  in  requirements  for  aircraft  and  pilots  associated  with  them. 


TABLE  1.- -CATEGORIES  OF  GENERAL  AVIATION. 


[  Transportation  ' 

I  -  i 

I 

[  •  Public  ! 

j  •  Business  j 

l  •  Personal  j 


Special  Applications 

•  Industry 

•  Agriculture 

•  Security/Emergency  Services 

•  Recreation/Sport 

•  Instruction 


The  first  major  category,  Transportation,  includes  travel  for  public,  business,  and 
personal  reasons.  Public  transportation,  furnished  by  both  commuter  airlines1  and  air  taxi 
operations,  represents  a  major  segment  of  general  aviation.  Commuter  airlines  are  small, 
regularly  scheduled  airlines  that  are  employed  for  travel  among  (1)  small  communities  not 
serviced  by  air  carriers,  (2)  small  and  large  communities  for  the  purpose  of  connecting 
with  air  carriers,  and  (3)  large  communities  to  supplement  air  carrier  service.  Air  taxi 
operations  fill  the  gaps  left  by  all  scheduled  services  by  offering  flexible,  on-demand 

charter  services  to  every  airport  in  the  country.  While  there  is  a  tendency  to  think  of 
the  major  air  carriers  as  servicing  most  of  our  cities,  it  is  estimated  that  approximately 
98.9  percent  of  the  communities  in  the  United  States  are  dependent  solely  on  general 

aviation  for  air  access  (Smith,  1977).  Indeed,  general  aviation  is  the  only  form  of  public 
carrier  transportation  for  some  small  communities. 

General  aviation  increasingly  provides  a  means  for  business  and  personal  travel. 
Private  business  travel  is  accomplished  in  aircraft  owned,  leased,  or  rented  by  corporations 
and  other  businesses  who  employ  their  own  pilots;  by  individual  businessmen  and 

professionals  who  serve  as  their  own  pilots;  and  by  local,  state  or  federal  nonmilitary 
government  agencies  who  employ  their  own  pilots.  Private  travel  is  also  accomplished  in 
aircraft  owned,  leased  or  rented  by  numerous  individual  pilots  for  their  own  personal 
purposes.  The  volume  of  general  aviation  operations  for  personal  travel  has  been 

decreasing,  however,  due  to  national  economic  trends  and  energy  problems.  As  a  result, 
most  current  general  aviation  travel  is  for  business  purposes  (Fink,  1980). 

The  second  major  category  in  Table  1,  Special  Applications,  includes  general  aviation 
activities  in  support  of  industry,  agriculture,  security  and  emergency  services,  recreation 
and  sport,  and  flight  instruction.  In  industry,  many  advanced  industrial  technologies  and 
commercial  practices  have  been  enabled  or  facilitated  through  the  use  of  general  aviation 
aircraft.  Such  applications  of  general  aviation  include  aircraft  use  in  construction,  geo¬ 
logical  exploration,  surveying,  aerial  photography  and  mapping,  pipeline  and  powerline 
patrol,  off-shore  oil  operations  support,  advertising,  flight  testing,  and  fish  spotting.  In 
agriculture,  the  implementation  of  many  modern  agricultural  techniques  depends  on  the 
unique  capabilities  provided  by  general  aviation  aircraft.  Examples  include  use  of  aircraft 
for,  or  in  support  of,  aerial  seeding,  spraying,  and  dusting  of  crops;  monitoring  the  growth 
and  assisting  in  the  harvesting  of  certain  crops;  managing  livestock  and  wildlife;  modifying 
the  weather  to  aid  in  crop  growth;  and  conducting  ecological  research. 

A  number  of  security  and  emergency  services  also  use  general  aviation  in  the 
performance  of  their  missions.  Many  law  enforcement  agencies  regularly  employ  aircraft, 
particularly  helicopters,  for  crime  prevention  and  control  as  well  as  for  traffic  regulation 
and  safety  purposes.  Aircraft  also  serve  firefighting,  search  and  rescue,  emergency 
medical  transportation,  and  other  public  health  and  safety  needs.  Their  role  is  especially 
important  during  disasters  where  the  capability  for  rapid  action  is  essential. 


Due  to  their  recent  growth,  and  to  other  economic  and  regulatory  factors,  commuter 
airlines  are  sometimes  no  longer  included  as  part  of  general  aviation  in  civil  aviation 
classification  systems.  They  are  included  here,  however,  because  their  human  factors 
problems,  and  their  resources  for  addressing  those  problems,  are  similar  to  those  of  other 
general  aviation  segments. 
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In  addition  to  their  use  for  industrial,  agricultural,  and  public  service  missions, 

general  aviation  aircraft  are  employed  by  a  large  number  of  private  individuals  who  fly  for 
recreation  and  sport.  Flying  itself  may  be  the  desired  activity,  as  in  aerobatics  or  racing, 
or  use  of  the  aircraft  may  be  to  enable  or  facilitate  the  conduct  of  other  activities,  such 
as  skydiving,  sight-seeing,  or  hunting. 

Finally,  general  aviation  aircraft  are  employed  to  train  pilots  who  may,  in  turn,  fly 
general  aviation,  commercial,  and  even  military  aircraft.  This  use  has  long  represented  the 
largest  special  application  of  general  aviation  aircraft  (Aviation  Advisory  Commission, 

1972),  though  the  relative  balance  is  changing  as  other  special  applications  increase  in 

frequency.  Aircraft  are  used  for  dual  instruction,  supervised  solo  training  flights,  and 
flight  checks  by  pilots  training  for  different  pilot  certificates  or  ratings.  Additionally, 
pilots  fly  general  aviation  aircraft  periodically  to  maintain  proficiency  in  skills  not 
normally  performed  on  routine  missions. 

While  the  preceding  review  of  uses  of  general  aviation  is  not  exhaustive,  it 

illustrates  the  wide  variety  of  missions  flown  by  general  aviation  pilots  and,  thus,  the  wide 
variety  of  contexts  for  the  occurrence  of  different  pilot  performance  problems.'  As  will 
be  discussed  later,  the  necessary  first  step  in  the  solution  of  many  of  these  problems  lies 
in  the  analysis  of  the  missions  and  the  contexts  in  which  they  occur. 

General  Aviation  Aircraft.  Because  of  the  diversity  of  its  missions,  a  nixnber  of 
different  airframes,  powerplants,  and  avionic  systems  are  employed  in  general  aviation. 
Table  2  shows  the  different  types  of  airplanes,  along  with  estimates  of  the  total  numbers 
of  each  type  active  in  1979.  The  aircraft  represented  in  this  list  cover  a  broad  range  of 
aircraft  procurement  costs,  sizes,  performance  capabilities,  handling  qualities,  and 
operational  complexities.  The  diversity  among  general  aviation  aircraft  is  considerable, 
both  across  and  within  these  various  dimensions.2 


TABLE  2.- -NUMBER  OF  ACTIVE  GENERAL  AVIATION  AIRCRAFT. 

(1979  estimate,  in  thousands) 

_ Piston _ 

Single  Multi 

Engine _ Engine _ Turboprop _ Turbojet _ Rotorc  raft _ Other _ TOTAL 

155.2  23.0  3.3  2.6  5.1  3.8  193 

aFAA  Aviation  Forecasts,  Fiscal  Years  1980-1991  (FAA,  1979d). 

^Comprehensive  reviews  of  the  uses  of  general  aviation  that  can  be  consulted  for 
further  reference  include  AOPA  (1968),  Aviation  Advisory  Commission  (1972),  Helms 
(1975),  Henry  and  Froehlich  (1975),  Kitely  (1976),  LaFoy  (1977),  Sincoff  and  Dajani 
(1975),  and  Smith  (1977).  Additionally,  data  describing  the  extent  of  the  different  uses 
can  be  found  in  the  FAA  Statistical  Handbook  of  Aviation,  which  is  published  annually. 

2 

Additional  information  concerning  the  composition  and  utilization  of  the  general 
aviation  fleet  can  be  found  in  Smith  (1977),  Schwenk  (1979),  and  the  FAA  Statistical 
Handbook  of  Aviation. 


■H!«l  Hjp.jll 


The  diversity  of  the  various  types  of  general  aviation  aircraft  is  further  increased  by 
the  large  number  of  different  systems  with  which  they  can  be  equipped  to  facilitate 

navigation,  communication,  and  operation  of  the  aircraft.  These  systems,  some  of  which 
are  described  in  Chapter  II,  range  from  relatively  simple  mechanical  devices  that  have  been 
in  aircraft  for  many  years  to  complex  microprocessors  and  displays  that  incorporate  the 
latest  electronics  technology.  The  inclusion  of  these  more  modern  systems  often  dramati¬ 
cally  changes  the  tasks  to  be  performed  by  the  pilot  and,  thus,  the  nature  of  the  pilot 
performance  problems  that  occur.  The  rather  dramatic  changes  in  electronics  and  computer 
technologies  that  have  occurred  represent  a  major  area  of  concern  for  future  human 

factors  research,  as  will  be  seen  from  later  discussions.  Because  of  the  extremely  rapid 
rate  with  which  these  technologies  are  changing  and  the  revolutionary  nature  of  the 
changes,  the  problems  related  to  this  area  are  among  the  more  pressing  for  general 

aviation. 

General  Aviation  Pilots.  General  aviation  pilots  are  a  very  heterogeneous  group. 
They  vary  with  respect  to  training,  total  flight  experience,  recency  of  experience, 
motivation,  flight  skills,  basic  abilities,  amount  of  supervision  they  receive,  and  on  a 
variety  of  other  parameters.  The  certificate  and  rating  structure  delineated  in  the  Federal 
Aviation  Regulations  (Part  61)  is  the  basic  mechanism  for  matching  the  wide  ranging 

capabilities  of  these  pilots  with  the  varying  demands  of  different  general  (and  air  carrier) 
aviation  missions  and  aircraft.  Table  3  shows  the  numbers  of  pilots  holding  various  of 
these  certificates.  In  some  degree,  the  certificate  the  pilot  holds  bears  some  relationship 
to  the  types  and  levels  of  capabilities  he  or  she  possesses. 


TABLE  3.- -NUMBER  OF  GENERAL  AVIATION  PILOTS  BY  CERTIFICATE  TYPE. 
(1979  estimate,  in  thousands) 


Students 

Private 

Commercial 

Airline 

Transport  Helicopter  Glider 

Other 

TOTAL 

204.9 

337.6 

185.8 

55.9  4.9  6.5 

3.2 

798.8 

aFAA 

Aviation 

Forecasts,  Fiscal 

Years  1980-1991  ( FAA,  1979d). 

As  with  the  diversity  of  missions  and  aircraft,  the  wide  range  of  characteristics  and 
capabilities  of  general  aviation  pilots  complicates  the  study  of  human  factors  in  general 
aviation.  While  some  problems  may  be  common  to  all  pilots,  others  may  be  unique  to 
certain  types  of  pilots.  Moreover,  actions  that  may  solve  a  problem  for  one  type  of  pilot 
may  not  solve  the  same  problem  for  another  type;  indeed,  they  may  even  create  problems 
for  other  pilots. 

Organizations  Involved  In  General  Aviation.  There  are  a  number  of  different  private 
and  government  organizations  involved  in  general  aviation.  While  they  do  not  have  the 
direct  impact  on  himan  factors  and  pilot  performance  problems  attributable  to  the  diversity 
of  missions,  types  of  aircraft,  and  pilot  characteristics,  various  aspects  of  organizational 
roles  and  purposes  must  be  considered  in  issues  regarding  aviation  safety.  As  previously 
discussed,  a  nunber  of  different  businesses  own,  lease  or  rent  general  aviation  aircraft  for 
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a  variety  of  uses.  For  some,  aircraft  are  instruments  for  facilitating  the  conduct  of 
business.  For  others,  aircraft  are  their  business,  as  is  the  case  with  fixed  base  operators, 
commuter  airlines,  and  aviation  training  institutions.  These  organizations  represent  a 
separate  force  acting  to  shape  general  aviation.  They  develop  their  own  missions,  "design" 
aircraft  to  fit  those  missions  through  their  selection  of  aircraft  and  optional  equipment, 
and  manage  their  own  flight  operations. 

Additionally,  some  of  these  businesses  and  the  individuals  involved  belong  to 
associations  or  other  types  of  organizations  concerned  with  general  aviation,  such  as  the 
Aircraft  Owners  and  Pilots  Association,  the  National  Business  Aircraft  Association,  the 
National  Association  of  Flight  Instructors,  and  others.  These  organizations  serve  as 
sources  of  information  (often  safety  related)  to  general  aviation  pilots;  they  represent 
general  aviation  interests  in  political  affairs;  and  they  perform  various  other  functions  for 
the  benefit  of  their  members.  Such  organizations  may  be  more  than  just  vocational  or 
avocational  interest  groups;  they  often  represent  major  dynamic  forces  in  the  shaping  of 
general  aviation. 

The  manufacturers  of  general  aviation  airframes,  power  plants,  and  avionics  represent 
yet  another  major  force  in  general  aviation.  These  manufacturers  are,  necessarily, 
concerned  with  profits,  so  they  are  sensitive  to  market  pressures,  product  liability 
problems,  and  a  variety  of  other  economic  factors.  They  are  also  directly  concerned  with 
the  welfare  of  the  general  aviation  community  and,  hence,  are  major  advocates  of  safety  in 
general  aviation.  As  individual  businesses,  and  as  collective  organizations  (e.g.,  the 
General  Aviation  Manufacturers  Association),  they  sponsor  a  variety  of  programs  and 
projects  to  promote  safe  use  of  general  aviation  aircraft. 

In  addition  to  these  private  organizations,  a  number  of  government  agencies  affect 
general  aviation  through  regulation  and  in  other  ways  (e.g.,  allocation  of  fuel,  taxation, 
design  and  operation  of  airports).^  A  major  government  agency,  the  Federal  Aviation 
Administration  (FAA),  is  responsible  for  the  airworthiness  of  aircraft  and  the  proficiency 
of  pilots,  as  well  as  for  the  operation  of  the  National  Airspace  System  (see  Chapter  IV). 
As  with  ali  regulatory  agencies,  however,  the  FAA  is  constrained  by  the  desire  and 
necessity  to  protect  individual  freedoms,  as  well  as  by  its  desire  to  assure  public  safety. 

Implications.  The  diversity  of  general  aviation  missions,  aircraft,  pilots,  and 
organizations  complicates  both  the  identification  and  resolution  of  pilot  performance 
problems.  Any  attempt  to  identify  these  problems  must  take  into  consideration  the 
nunerous  possible  combinations  - -and  interactions  -  -of  these  variables.  Any  attempt  to 
solve  problems  must  be  implemented  through  the  many  agencies  and  forces  that  are 
operative  in  general  aviation.  The  difficulties  of  identifying  pilot  performance  problems  in 
general  aviation  should  not,  however,  inhibit  attempts  to  study  and  solve  them.  The 
heterogeneity  of  variables  that  complicates  study  of  human  factors  is  also  a  manifestation 
of  the  breadth  of  the  economic  and  social  contributions  of  general  aviation  to  American 


Review  of  *11  of  the  government  organizations  inwlved  in  general  aviation  can  be 
found  in  Fraser  (1971);  Sincoff  and  Dajani  (1975);  and  Department  of  Transportation/ 
National  Aeronautics  and  Space  Administration  (1971a,  1971b). 


society.  This  same  diversity  and  breadth  also  underscores  the  need  to  solve  such  problems 
and  to  do  so  through  a  research  program  that  recognizes  the  interrelationships  among  all 
parts  of  general  aviation. 

PILOT  PERFORMANCE  PROBLEMS  IN  CENERAL  AVIATION.  The  clearest  indication  of  pilot 
performance  problems  in  general  aviation  is  the  high  percentage  of  accidents  that  are 
attributed  to  errors  made  by  pilots  (see  Figure  1).  Analyses  of  general  aviation  accidents 
have  frequently  concluded  that  action  should  be  taken  to  enhance  the  performance  of 
general  aviation  pilots  (Bolz  and  Eisele,  1979;  Hoekstra  and  Huang,  1971;  Lederer,  1973; 
McCourt  and  Hewin,  1979;  Fbst,  1970;  Roskam  and  Kohlman,  1974;  and  Strickler  and 
Eggspuehler,  1975).  Despite  numerous  efforts  toward  this  end,  these  problems  persist. 
Fresh  approaches  to  human  factors  research  on  pilot  performance  problems  are  needed,  and 
the  research  should  derive  from  an  informed  overview  of  the  nature  of  the  problems  and 
the  interrelatedness  of  each  with  the  others.  Thus,  the  research  should  be  programmatic 
in  nature  rather  than  reactive. 


FIGURE  1.— GENERAL  AVIATION  ACCIDENTS  ATTRIBUTED  TO  PILOT  PERFORMANCE 

PROBLEMS  IN  THE  PAST  DECADE.3 

0 

National  Transportation  Safety  Board. 


The  initiation  of  such  research  is  a  matter  of  some  urgency.  The  National  Transportation 
Safety  Board  (NTSB)  data  shown  in  Figure  1  indicate  the  need  for  solutions  to  current 
pilot  performance  problems.  But,  there  is  an  even  greater  sense  of  urgency  that  derives 
from  the  potential  development  of  a  number  of  new  performance  problems  as  general 
aviation  continues  to  grow  and  evolve  in  future  years.  Indeed,  reviews  of  projections  of 
future  changes  within  general  aviation  reveal  that  general  aviation  pilots  will  have  to  cope 


8 


with  increasingly  complex  aircraft  and  avionics,  as  wel I  as  with  an  increasingly  crowded 
and  sophisticated  National  Airspace  System  (Bergey,  1978;  Bolz  and  Eisele,  1979;  FAA, 
1979b;  Smyth,  1980). 

These  changes  will  result  from  a  number  of  forces  that  are  acting  in  concert  to  speed  up 
the  once  rather  slow  evolution  of  general  aviation.  Some  of  these  changes  relate  to  direct 
attempts  to  improve  safety,  while  others  derive  from  the  rapidly  changing  state  of  certain 
aviation -related  technologies.  Still  others  are  planned  in  response  to  the  wide  variety  of 
pressures  affecting  individual  pilots  and  the  private  and  government  organizations  involved 
in  general  aviation.  Examples  include  needs  for  (1)  expansion  of  the  uses  of  general 

aviation,  (2)  improvement  of  mission  effectiveness,  (3)  reduction  of  fuel  consumption,  (4) 

exploitation  of  electronic  and  many  other  advanced  technologies,  (5)  reduction  of  engine 
noise  and  pollutants,  (6)  increasing  the  capacity  of  already  crowded  airspaces,  and  (7) 
reduction  in  the  cost  of  operating  air  traffic  control  and  navigation  facilities. 

Descriptions  Of  Pilot  Performance  Problems.  A  logical  starting  point  in  seeking  to 
develop  solutions  for  pilot  performance  problems  - -whether  existing  or  anticipated- -is  to 
identify  and  describe  them.  As  a  consequence,  a  number  of  schemes  for  classifying 
problems  have  been  developed,  derived  principally  from  accident  data.  At  one  time,  all 

pilot  performance  problems  were  grouped  in  one  category  and  labeled  simply  as  ‘pilot 

error."  This  categorization  has  been  recognized  as  being  of  limited  usefulness  and  has 
been  the  subject  of  extensive  criticism  (Beaty,  1969;  Hurst,  1976;  Roscoe,  in  press; 
Wiener,  1977;  1979).  The  term  implies  that  accidents  are  due  to  pilot  negligence  or 
incompetency,  or,  in  some  cases,  to  human  failure  that  is  unpreventable.  While  this 
explana.  ion  may  satisfy  certain  public  (and  legal)  demands,  it  does  little  or  nothing  to 
advance  our  understanding  of  cause,  and  it  provides  no  guidance  concerning  means  for 
preventing  similar  accidents  in  the  future. 

More  detailed  description  and  categorization  schemes  for  pilot  performance  problems 
associated  with  aviation  accidents  have  appeared  in  recent  years.  Performance  problem 
descriptions  vary  in  accord  with  the  schemes  employed  to  classify  or  categorize  pilot 
behavior  or  the  factors  thought  to  affect  pilot  behavior.  These  classifications  are  of  three 
general  types.  One  type  classifies  performance  problems  in  terms  of  the  operational  tasks 
that  the  pilot  failed  to  execute  correctly  - -e.g.  failure  to  see  and  a\oid  other  aircraft, 
failure  to  obtain  or  maintain  flying  speed,  mismanagement  of  fuel,  failure  to  extend 
landing  gear,  misjudgment  of  distance,  speed,  or  altitude.  Another  describes  performance 
problems  in  relation  to  various  psychological  constructs  or  processes- -e.g.,  workload, 
fatigue,  stress,  attention,  decision-making. 

The  third  type  of  scheme  is  based  on  various  factors  that  are  associated  with  the 
occurrence  of  pilot  performance  problems.  Such  factors  are  derived  from  analyses  of  the 
variables  that  relate  to  the  pilot,  the  aircraft  involved,  and  the  conditions  surrounding  the 
occurrence.  Given  the  diversity  within  general  aviation,  the  number  of  variables  is  quite 
large.  Examples  of  variables  used  for  classifications  and  analyses  include  (a)  phase  of 
flight  (e.g.,  landing,  cruise);  (b)  type  of  mission  (e.g.,  personal  transportation,  aerial 
application);  (c)  type  of  aircraft;  (d)  time  of  day  and  season  of  the  year;  (e)  geographic 
location  and  terrain  features;  (f)  weather  conditions;  (g)  characteristics  of  the  pilot  (e.g., 
total  flight  time,  certificate  held,  age),  (h)  condition  of  the  pilot  (e.g.,  inder  the 
influence  of  alcohol  or  drugs,  debilitating  medical  conditions,  psychological  problems);  and 
(i)  type  of  crash  (e.g.,  midair,  stall/spin,  controlled  flight  into  terrain). 
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These  various  classification  schemes  have  been  employed,  separately  or  in  conjunction 
with  one  another,  in  a  nunber  of  different  studies  to  analyze  the  general  aviation  accident 
data.  Thus,  trends  in  pilot  performance  problems  have  been  described  in  several  different 
ways.  Table  4,  for  example,  describes  aviation  accidents  in  terms  of  failures  to  perform 
certain  operational  tasks  (NTSB,  1978).  Table  5,  in  contrast,  describes  general  aviation 
accidents  over  a  five  year  period  in  terms  of  relative  frequencies  of  accidents  attributed 
to  procedural,  perceptual -motor,  and  decisional  errors  (Jensen  and  Benel,  1977).  Table  6 
illustrates  the  use  of  associative  factors  to  describe  general  aviation  accidents,  i.e.,  phase 
of  flight  (NTSB,  1978). 

TABLE  4.- -TOP  TEN  CAUSE/FACTORS  FOR  SMALL  FIXED  WING  AIRCRAFT  ACCIDENTS 

CALENDAR  YEAR  1977. 


All  Accidents 


Cause/Factors 

Cause 

Factor 

Total' 

PILOT 

1. 

Failed  to  obtain/maintain  flying  speed 

535 

1 

536 

2. 

Inadequate  preflight  preparation  and/or 
planning 

430 

67 

497 

3. 

Mismanagement  of  fuel 

279 

0 

279 

4. 

Failed  to  maintain  directional  control 

274 

0 

274 

5. 

Improper  inflight  decisions  or  planning 

204 

15 

219 

6. 

Selected  ^suitable  terrain 

194 

14 

208 

7. 

Improper  level  off 

196 

4 

200 

8. 

Misjudged  distance  and  speed 

159 

7 

166 

9. 

Continued  VFR  into  adverse  weather 

152 

8 

160 

10. 

Improper  compensation  for  wind  conditions 

135 

9 

144 

aTotal  accidents  for  all  causes  =  3842  (NTSB,  1978). 
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TABLE  5.- -GENERAL  AVIATION  ACCIDENTS  FOR  PROCEDURAL,  PERCEPTUAL-MOTOR, 

OR  DECISIONAL  ERRORS.3 


Total 

1970  -  1974 

Five-Year  Accidents 

Type  of  Error 

Fatal 

Nonfatal  Total 

Procedural 

264 

2230  2294 

Perceptual  -Motor 

2496 

14561  17057 

Decisional 

2940 

9087  12027 

3jensen  and  Benel,  1977. 

TABLE  6. --GENERAL 

AVIATION  ACCIDENTS  FOR 
BY  FLICHT  PHASE.3 

CALENDAR  YEAR  1977 

Phase 

Accidents 

Static 

21 

Taxi 

134 

Takeoff 

1237 

Inflight 

1252 

Landing 

166C 

aNTSB,  1978. 


While  these  different  descriptions  are  of  value  in  the  identification  of  existing  pilot 
performance  problems,  they  still  do  not  provide  direct  guidance  for  determining  actions 
that  should  be  taken  to  prevent  or  remedy  these  problems.  Simply  put,  they  describe  what 
happened  in  an  accident,  not  why  the  pilot  made  an  error --e.g.,  why  did  the  pilot  fail  to 
maintain  flying  speed;  or  why  was  there  an  excessive  workload?  Identification  of 
appropriate  actions  to  prevent  performance  errors  requires  an  understanding  of  why  an 
error  occurred.  Describing  the  error  and  the  circumstances  of  its  occurrence  is  only  the 
first  step  in  the  development  of  suci>  knowledge. 
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HUMAN  FACTORS  AND  PILOT  PERFORMANCE  PROBLEMS.  Much  of  the  lack  of  progress  in 
solving  many  of  the  pilot  performance  problems  derives  from  the  failure  of  existing 
classification  schemes  to  get  beyond  description.  Corrective  actions  must  be  based  on 
contributing  conditions  that  are  identified  with  some  precision  and  the  conditions  must 
relate  to  factors  that  are  feasible  to  be  changed.  Consequently,  the  point  is  advanced 
here  that  a  structure  based  on  the  concepts  of  the  discipline  of  human  factors  provides  an 
effective  means  for  developing  corrective  actions.  This  structure  will  be  developed  more 
fully  later. 

Pilot  Performance  Model.  At  a  general  level,  the  explanation  of  why  pilot 
performance  problems  occur  is  straightforward.  For  example,  Zeller  (1978)  attributes 
pilot  performance  problems  to  a  mismatch  between  the  level  of  demands  imposed  by  pilot 
tasks  and  the  ability  (and  motivation)  of  the  pilot  to  perform  these  tasks.  Mismatches -- 
incongruities  might  be  a  better  term --can  occur  with  reference  to  a  variety  of  physical, 
psychological,  and  physiological  capability  dimensions  of  the  pilot.1  Such  incongruities  can 
be  identified  and  understood  only  by  examining  the  human  factors  involved  in  relation  to 
the  situational  requirements. 

Incongruities  can  arise,  for  example,  when  the  pilot's  physical  strength  or  size 
restricts  the  effective  execution  of  control  movements  required  by  task  demands.  More 
complex  and  subtle  incongruities  can  occur  when  performance  of  a  task  or  a  set  of 
concurrently  performed  tasks  requires  capabilities  for  perception  of  stimuli,  processing  of 
information,  or  execution  of  precise  psychomotor  responses  that  are  beyond  the  range  of 
the  pilot's  current  abilities.  In  other  instances,  incongruities  may  arise  not  because  the 
pilot  lacks  the  ability,  but  because  he  lacks  sufficient  attention  or  motivation  to  perform 
the  task  in  the  safest  fashion,  e.g.,  the  pilot  may  take  shortcuts  to  save  time  or  money. 
Still  other  forms  of  incongruities  may  develop  when  the  pilot  is  exposed  to  environments 
that  fail  to  provide  sufficient  support  for  normal  bodily  functions  or  are  physically 
damaging  to  the  body.  For  example,  the  effectiveness  of  pilot  performance  decreases  when 
the  pilot  is  exposed  to  excessively  high  levels  of  vibration,  acceleration,  noise,  or 
temperature,  when  sufficient  oxygen  is  not  supplied  during  flight  at  high  altitudes,  or  when 
the  pilot  is  exposed  to  toxic  substances. 

As  noted,  solution  to  a  particular  pilot  performance  problem  requires  not  only  that 
the  incongruities  be  identified,  but  that  one  or  more  elements  of  any  incongruity  be 
susceptible  to  change.  Thus,  the  solution  to  pilot  performance  problems  requires  that  task 
demands  and/or  pilot  capabilities  be  modified  to  eliminate  the  physical,  psychological,  and 
physiological  incongruities  that  underlie  these  problems. 

The  concept  developed  here  is  one  that  is  design  oriented  in  nature,  a  view  that 
underlies  much  of  the  field  of  human  factors.  Therefore,  its  development  requires  an 
analytic  irderstanding  of  factors  affecting  the  performance  of  general  aviation  pilots  as 
part  of  a  complex  system.  An  understanding  in  terms  of  the  system's  components  and 
elements  is  necessary  to  identify  those  components  and  elements  that  are  susceptible  to 
change. 


It  should  be  noted  that  these  incongruities  are  probablistic  in  nature.  There  are 
differences  in  their  relative  occurrence  across  pilots  and  even  on  a  day-to-day  basis 
within  pilots.  Thus,  such  incongruities  are  matters  of  relative  degree. 
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As  will  be  discussed  in  subsequent  sections  of  this  report,  it  is  possible  to  identify 
the  major  factors  that  can  be  manipulated  to  modify  task  demands  and  pilot  capabilities. 
In  the  remainder  of  this  report,  such  modifiable  factors  will  be  referred  to  as  "system 
components.’^  Figure  2  presents  an  overview  of  six  such  components  and  their  relationship 
to  pilot  performance. ^  For  convenience,  the  system  components  are  broken  into  tv®  major 
groups  - -those  that  relate  to  task  demands,  and  those  that  relate  to  pilot  capabilities.  As 
shown  in  Figure  2,  three  major  system  components  interact  to  determine  task  demands: 
(1)  aircraft,  (2)  airports,  and  (3)  aeronautical  information  systems. 

Of  these  three  components,  the  design  of  the  aircraft  and  its  associated  systems 
likely  has  the  single  greatest  influence  on  the  nature  of  the  tasks  performed  by  general 
aviation  pilots.  The  design  of  aircraft  displays  and  controls,  for  example,  largely 
determines  the  types  and  degrees  of  information  processing  demands  that  will  be  imposed 
on  the  pilots  in  the  conduct  of  flight  control,  navigation,  and  communications  tasks. 
Additionally,  the  design  of  nunerous  aspects  of  the  cockpit  will  affect  the  level  of  physi¬ 
ological  demands  made  upon  the  pilots  by  their  immediate  environments. 

The  design  of  airports  interacts  with  the  aircraft  variables  to  influence  the  nature  of 
tasks  performed.  For  instance,  the  size,  markings,  and  lighting  of  runways,  combined  with 
the  presence  or  absence  of  visual  approach  aids,  interact  with  aircraft  design  factors  such 
as  navigation  systems  to  determine  the  difficulty  of  approach  and  landing  tasks. 

Task  demands  are  also  influenced  by  the  characteristics  of  the  aeronautical 
information  employed  by  general  aviation  pilots.  Such  information  can  be  classified  into 
three  general  categories:  (1)  documental  information  concerning  operation  of  the  aircraft 
(e.g.,  normal  and  emergency  operating  procedures);  (2)  documental  information  concerning 
use  of  the  National  Airspace  System  (e.g.,  airspace  allocation,  instrument  flight 
procedures);  and  (3)  communications  exchanged  with  various  FAA  agencies  to  enable  or 
facilitate  flight  planning  and  coordination.  All  three  categories  of  information  influence 
task  demands,  in  that  their  content  either  prescribes  actions  to  be  taken  by  the  pilot,  or 
serves  as  a  major  input  for  the  pilot's  own  decisions  concerning  actions  he  may  take. 


Some  factors  that  influence  task  requirements  and  pilot  capabilities  cannot  be 
manipulated  feasibly.  For  example,  characteristics  of  the  external  environment  (e.g., 
weather  conditions)  cannot  usually  be  directly  manipulated,  although  they  do  influence  task 
requirements.  Similarly,  many  psychological  and  social  factors  that  influence  pilot 
capability  cannot  be  manipulated  directly.  Even  though  they  cannot  be  manipulated  directly, 
however,  these  factors  may  be  related  to  the  design  of  system  components  that  can  be 
changed  and,  as  such,  are  included  in  following  discussions. 

2 

The  human  factors  ’model*  or  conception  represented  here  is  a  simplified  view  of  a 
quite  complex  set  of  relationships.  Other  components  might  well  have  been  identified  or 
selected  for  exposition.  However,  the  conception  depicted  in  Figure  2  provides  an  adequate 
means  of  presenting  an  overview  of  pilot  performance  and  the  major  design  factors  related 
to  it.  It  has  been  developed  for  the  purposes  of  analyzing  and  reviewing  a  wide  variety 
of  information.  For  other  purposes,  other  conceptions  might  be  used. 
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FIGURE  2.— SYSTEM  COMPONENTS  INFLUENCING  TASK  DEMANDS  AND  PILOT  CAPABILITIES. 
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These  three  components,  then,  can  be  manipulated  to  modify  task  demands  to  make 
them  congruent  with  the  range  of  capabilities  present  in  the  general  aviation  pilot 
population.  Conversely,  the  existing  and  projected  designs  of  these  components  determine 
the  level  of  demand  that  these  pilots  must  be  capable  of  meeting  and,  hence,  define 
required  pilot  capabilities. 

The  capabilities  of  the  pilot  for  meeting  these  demands  are  determined  by  three 
major  system  components,  as  shown  by  the  right  hand  side  of  Figure  2.  The  first  of  these 
components,  the  pilot  certification  and  rating  structure,  is  the  major  mechanism  employed 
in  general  aviation  to  screen  and  select  personnel  for  the  various  subsets  of  tasks 
performed  by  general  aviation  pilots.  The  entry  level  requirements  for  the  student  pilot 

certificate,  for  example,  determine  who  in  the  general  population  might  become  pilots.  The 
second  component,  training  and  evaluation,  encompasses  the  requirements  that  individuals 
must  satisfy  before  receiving  certificates  and  ratings.  The  influence  on  pilot  capabilities 
of  training  programs  and  of  the  written  and  flight  tests  used  to  assess  pilot  proficiency  is 
extensive.  Following  initial  achievement  of  a  certificate  or  rating,  pilots  must  maintain 
their  proficiency  on  the  skills  required  by  their  certificates  or  ratings  for  as  long  as  they 
exercise  them.  Thus,  the  activities  subsumed  under  the  third  component,  continuation 
training  and  recurrent  proficiency  reviews  (e.g.,  the  biennial  flight  review),  are  of  critical 
importance  to  the  continued  safety  of  general  aviation  pilots. 

These  system  components  - -both  task  and  capability  types --will  be  discussed  in 

greater  detail  in  subsequent  chapters.  The  important  point  to  note  here  is  that  solutions 
to  general  aviation  pilot  performance  problems  will  lie  primarily  in  the  design  of  aircraft, 
airports,  aeronautical  information  systems,  certification/ rating  requirements,  training 
programs,  and  evaluation  tests  and  procedures.  It  is  the  interactions  among  these  system 
components  that  determine  the  congruity  between  task  demands  and  pilot  capabilities. 
Thus,  the  harmony  and  integrity  of  the  design  of  this  total  system  of  components  - -i.e., 
the  general  aviation  system  -  -determines  the  quality  of  pilot  performance. 

Given  the  diversity  within  general  aviation,  it  is  understandable  that  the  components 
of  this  system  are  designed  by  a  number  of  different  individuals,  teams,  and  organizations. 
Furthermore,  each  of  these  designers  has  his  own  set  of  component -specific  requirements 
or  design  goals.  Aircraft  designers,  for  example,  try  to  optimize  aircraft  characteristics 
with  reference  to  the  effectiveness,  efficiency,  and  reliability  of  mission  performance. 

They  must  also  minimize  cost,  meet  federal  requirements,  and  produce  a  product  with 

market  appeal.  Designers  of  each  of  the  other  components  (e.g.,  airports,  information 
systems,  training  systems)  also  have  their  own  specific  concerns.  Since  there  is  no  system 
designer  responsible  for  integrating  a_M  of  the  components  in  general  aviation,  each  of 
these  independent  design  personnel  should  consider  the  impact  of  the  design  of  his 
component  on  the  physical,  psychological,  and  physiological  congruity  between  task  demands 
and  pilot  capabilities.  The  aircraft  designer  should  consider  the  range  of  capabilities  of 
the  pilots  who  will  fly  the  aircraft;  the  designer  of  a  training  program  should  consider  the 
total  set  of  task  requirements  that  graduates  of  the  program  will  have  to  satisfy,  etc.  If 
these  independent  designers  do  not  consider  interactions  among  the  various  components  and 
the  effects  of  the  design  of  their  component  on  the  congruity  between  task  demands  and 
pilot  capability,  the  performance  of  the  pilot  will  almost  surely  suffer.  General  aviation 
pilots  are  the  common  link  across  all  of  the  above  components;  they  are  the  final 
integrators  of  the  total  system.  The  effectiveness  of  their  performance  depends  on  the 
effectiveness  with  which  this  integration  is  effected,  and,  in  turn,  this  is  dependent  on  the 
congruity  of  task  demands  and  pilot  capabilities. 
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The  Role  Of  Human  Factors  Research.  The  necessity  for  congruity  of  task  demands 
and  pilot  capabilities  makes  hifnan  factors  the  focus  of  solving  problems  of  pilot 
performance.  As  indicated  in  the  foregoing  discussion,  relevant  issues  encompass  a  broad 
range  of  factors  as  represented  in  the  diversity  of  general  aviation  missions,  aircraft 
characteristics,  avionic  systems,  and  pilot  characteristics.  These  factors  affect,  and  are 
affected  by,  pilot  training  and  certification,  airport  design,  and  regulations  governing 
flight.  What  these  issues  have  in  common,  and  specifically  what  makes  them  relevant  to 
flight  safety,  is  their  impact,  separately  and  jointly,  on  the  congruity  of  task  demands  to 
pilot  capabilities. 

Necessarily,  the  pilot  must  be  the  central  concern.  It  is  not  a  matter  of  what  an 
aircraft  can  do,  but  what  a  pilot  can  do  with  an  aircraft;  not  a  matter  of  what 
information  is  available,  but  of  the  information  that  can  be  properly  processed  by  the 
pilot.  What  should  be  done,  or  avoided,  with  respect  to  all  the  system  components 
discussed  ultimately  depends  on  the  human  element.  It  is  in  this  context,  then,  that  we 
define  the  domain  of  human  factors. 

Accordingly,  human  factors  research  in  general  aviation  was  the  primary  concern  of 
the  project  reported  here.  It  should  be  clear,  however,  that  human  factors  had  to  be 
viewed  within  the  total  system  of  forces  shaping  and  governing  general  aviation,  for  pilot 
performance  cannot  be  viewed  meaningfully  except  within  the  context  of  the  forces  as  a 
whole. 

As  can  be  seen  from  the  view  developed  here,  the  treatment  of  factors  affecting 
pilot  performance  as  a  system  is  the  key  to  alleviating  or  eliminating  pilot  performance 
problems  and  increasing  flight  safety.  Further,  that  view  assumes  that  the  various 
components  of  the  system- -be  they  man,  machine,  or  rules --must  be  designed  with 
deliberation  and  with  system  insight.  Such  design  requires  that  the  designer  have 
information  about  system  interrelationships  and  about  the  effects  of  system  components  on 
human  performance.  When  the  information  base  to  support  informed  design  is  lacking  or 
absent,  a  human  factors  design  issue  can  be  said  to  exist.  Thus,  human  factors,  as  a 
design -oriented  discipline,  has  as  one  of  its  major  goals  the  development  of  the 
information  required  to  r  solve  such  deficiencies  or  design  issues.  For  this  reason,  much 
of  the  discussion  of  subsequent  chapters  in  this  report  is  devoted  to  identifying,  through 
examination  of  the  current  knowledge  base,  such  design  issues  for  general  aviation,  and 
thereby  identifying  the  human  factors  problems  on  which  future  research  must  focus.  The 
reader  should  take  special  note  of  the  meaning  of  the  term,  ‘design  issue,*  as  it  is  used 
here,  because  an  understanding  of  its  intended  meaning  is  necessary  to  an  appreciation 
of  the  discussions  of  design  issues  that  follow. 

APPROACH. 

The  objectives  of  this  study  were  to  (1)  identify  major  performance  problems  of  general 
aviation  pilots;  (2)  determine  types  of  data  needed  to  solve  these  problems  (i»e.,  identify 
major  human  factors  design  issues);  and  (3)  analyze  the  implications  of  these  needs  for 
planning  future  human  factors  research.  The  study  was  restricted  by  its  charter  to  the 
analysis  of  existing  information  concerning  the  performance  of  pilots.  Therefore,  the  first 
step  in  the  accomplishment  of  the  three  objectives  stated  was  to  identify  and  acquire 
information  concerning  pilot  performance  problems  and  associated  human  factors  design 


16 


issues.  The  second  step  was  to  analyze  this  information  to  identify  major  human  factors 
design  issues.  The  third  and  final  step  was  to  analyze  these  issues  for  the  purpose  of 
planning  future  human  factors  research  programs. 


ACQUISITION  OF  INFORMATION.  The  acquisition  of  information  concerning  pilot  per¬ 
formance  problems  and  associated  human  factors  design  issues  was  complicated  by  the  large 
number  of  sources  from  which  subsets  of  information  are  available  and  by  the  diversity  of 
methods  that  have  been  employed  to  generate  such  information.  Such  methods  have 
included: 


•  analyses  of  general  aviation  accidents; 

•  analyses  of  reports  of  incidents  involving  general  aviation  pilots  and/or  aircraft 
(e.g.,  near  midairs  or  other  near  accidents); 

•  analyses  of  information  other  than  accident  or  incident  data  that  describes  actual 
occurrences  of  pilot  performance  problems  (e.g.,  "flight  assists"  in  which  air  traffic 
controllers  provide  aid  to  pilots  who  are  tost,  low  on  fuel,  or  who  need  other  forms  of 
assistance); 

•  observations  made  by  experienced  pitots  (e.g.,  test  pi  lots ) ; 

•  empirical  research  (e.g.,  investigations  of  the  effects  on  pilot  performance  of 
different  aircraft  designs,  or  different  methods  of  pitot  training);  and 

•  analytical  research  (e.g.,  the  use  of  mathematical  models  of  pitot  performance  to 
predict  the  impact  of  different  factors  on  performance,  or  of  operations  research 
techniques  to  design  airways  and  air  traffic  control  procedures). 

Results  of  studies  employing  these  various  methodologies  have  been  published  in  a  variety 
of  sources,  including  the  scientific  research  and  engineering  literature  of  a  number  of 
disciplines,  regulatory  reports  of  various  government  agencies,  and  aviation  publications.  A 
comprehensive  review  of  these  published  materials  was  made.  In  addition,  personnel  in 
various  private  and  government  organizations  involved  with  general  aviation  or  aviation 
safety  were  interviewed  to  provide  an  overall  perspective  for  the  information  derived  from 
the  published  sources,  as  well  as  to  identify  issues  that  might  not  have  been  adequately 
addressed  in  the  documentation. 

Literature  Search.  Both  automated  and  manual  search  procedures  were  used  in 
pursuit  of  a  comprehensive  coverage  of  the  published  literature.  The  DIALOG  Information 
Retrieval  Service  was  employed  for  the  automated  searches.  While  the  main  searches  v\ere 
concentrated  on  the  National  Technical  Information  Service  data  base,  other  data  bases 
were  searched  for  items  of  specific  interest.  These  other  data  bases  included 
PSYCHOLOGICAL  ABSTRACTS,  COMPENDEX  (a  computerized  listing  of  The  Engineering 
Index),  and  ERIC  (a  data  base  for  the  educational  research  literature). 

Approximately  2,000  abstracts  were  obtained  through  the  automated  searches.  These 
abstracts  were  reviewed  and  reports  were  selected  for  further  examination.  Such  reports 
were  those  that  were  either  (1)  directly  concerned  with  human  factors  in  general  aviation, 
or  (2)  overviews  of  research  of  human  factors  in  all  of  aviation. 
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In  addition  to  the  above  activities,  the  search  was  extended  through  examination  of 
reference  lists  from  various  published  items  acquired  and  through  examination  of  selected 
documents  already  in  the  Seville  Research  Corporation  and  Embry -Riddle  Aeronautical 
University  libraries.  In  addition,  articles  cited  by  individuals  interviewed  during  the 
present  project  provided  another  source. 

Interviews.  To  supplement  the  literature  reviews,  28  individuals  in  9  different 
private  and  government  organizations  were  visited  and  interviewed.  These  organizations 
were  (1)  the  FAA  Technical  Center,  (2)  FAA  Headquarters,  (3)  the  National  Transportation 
Safety  Board,  (4)  National  Business  Aircraft  Association,  (5)  Aircraft  Owners  and  Pilots 
Association,  (6)  General  Aviation  Manufacturers  Association,  (7)  National  Aeronautics  and 
Space  Administration  (NASA)  Langley  Research  Center,  (8)  NASA  Ames  Research  Center, 
and  (9)  the  Naval  Safety  Center.  Names  of  individuals  within  these  organizations  who 
were  interviewed  are  listed  in  Appendix  A. 

IDENTIFICATION  AND  ANALYSIS  OF  HUMAN  FACTORS  DESIGN  ISSUES.  The  reports  and 
other  information  acquired  for  the  present  study  were  analyzed  to  identify  the  major  pilot 
performance  problems  of  general  aviation  pilots  identified  in  those  sources,  and  to  identify 
the  human  factors  design  issues1  associated  with  these  problems.  Some  of  the  reports 
were  chiefly  concerned  with  pilot  performance  problems,  such  as  classifications  of  aviation 
accidents  as  to  type  (e.g.,  stall/spin  accidents),  with  little  or  no  treatment  of  underlying 
human  factors  design  issues.  These  reports  typically  described  or  classified  performance 
problems  using  one  of  the  different  classif ication  schemes  identified  previously.  Statistics 
were  usually  presented  concerning  the  frequency  of  occurrence  of  these  problems  and 
factors  associated  with  them.  In  some  of  these  reports,  human  factors  design  issues  were 
identified  as  a  result  of  analyses  of  actions  that  could  be  taken  to  solve  the  performance 
problems. 2  Because  of  the  interactive  nature  of  the  system  components,  the  actions 
identified  for  a  given  problem  often  inwlved  the  modification  of  two  or  more  of  the 
system  components.  It  might  be  proposed,  for  example,  that  a  given  performance  problem 
be  addressed  through  the  concurrent  modification  of  relevant  aspects  of  pilot  training  and 
modification  of  flight  displays  related  to  the  problem.  In  contrast  to  reports  concerned 
with  past  pilot  performance  problems  as  reflected  in  historical  data,  a  number  of  other 
articles  reviewed  focused  on  existing  or  potential  future  human  factors  design  issues. 
These  articles  usually  were  reports  of  human  factors  research  evaluating  the  design  of 
selected  aspects  of  the  different  system  components  (e-g.,  evaluation  of  different  pilot 
training  methods  or  of  aircraft  flight  displays).  They  usually  identified  various  pilot 
performance  problems  that  were  associated  with  the  design  issue  being  addressed.  Several 
such  problems  might  be  identified  related  to  a  given  design  issue.  Given  the  use  of  the 
different  classification  schemes  of  pilot  performance  problems,  however,  it  usually  was  not 
possible  to  relate  these  problems  systematically  to  design  issues  across  different  reports. 


The  reader  is  reminded  of  the  definition  of  'design  issue*  that  was  previously  set 

forth. 

2 

Appendix  B  discusses  the  limitations  of  the  use  of  accident  data  for  this  purpose. 
The  general  point  is  made  that  such  data  are  symptomatic  of  pilot  performance  problems, 
but  they  frequently  are  of  little  help  in  identifying  appropriate  solution  alternatives. 


The  information  available  in  all  of  these  reports,  regardless  of  their  focus,  served  as  the 
basis  for  the  identification  of  pilot  performance  problems  and  associated  human  factors 
design  issues.  Two  choices  were  available  for  organizing  the  information;  it  could  be 
organized  vvith  respect  to  the  problems,  or  with  respect  to  the  design  issues.  The  choice 
was  made  to  organize  with  reference  to  the  human  factors  design  issues.  Thus,  the  pilot 
problems  relevant  to  a  set  of  related  design  decisions  for  a  given  component  would  be 
grouped  together.  This  organizing  framework  is  consonant  with  the  actual  design  process. 
It  also  recognizes  the  fact  that  design  of  various  components  of  the  general  aviation 
system  (e.g.,  the  training  component,  the  aircraft  component,  etc.)  is  carried  out  by 

different  persons  and  agencies,  often  in  isolation  from  one  another.  Thus,  the  design 
process  for  the  training  program  designer,  for  example,  will  be  aided  by  the  aggregation  of 
design  information  pertinent  to  the  training  component.  Since  one  of  the  basic  objectives 
of  human  factors  research  is  to  provide  information  to  aid  the  design  process,  the  material 
presented  in  this  report  is  organized  with  respect  to  such  design  issues. 

An  hierarchical  structure  was  developed  to  depict  and  emphasize  the  various  levels  of 
interactions  among  the  human  factors  design  issues,  and  the  relationship  of  those  issues  to 
task  demands  and  pilot  capabilities.  That  structure  is  shown  in  Figure  3.1  As  can  be 

seen,  moving  from  left  to  right  in  the  figure,  pilot  performance  is  a  function  of  task 

demands  and  pilot  capability.  Each  of  these  factors,  in  turn,  is  determined  by  components, 
and  each  component  has  one  or  more  'design  elements*  associated  with  it.^  Design 
elements  are  defined  as  being  the  products  of  major  design  decisions.  It  is  at  this 

elemental  level,  then,  that  the  design  issues  (i.e.,  lack  of  a  necessary  design  information 
base)  are  identified  in  following  discussions. 

Design  issues  were  grouped  with  respect  to  the  18  design  elements  generated  from  the  six 
system  components.  These  elements  served  to  provide  a  reference  and  organizing 
framework  for  the  discussions  of  the  issues  and  their  interrelationships. 

ORGANIZATION  OF  REPORT.  The  structure  described  above  is  used  in  Chapters  II  through 
VII  to  organize  the  discussion  of  the  human  factors  design  issues  and  associated  pilot 
performance  problems.  Each  of  these  chapters  addresses  one  of  the  six  components 
identified  in  Figure  3  (e.g..  Chapter  II  treats  the-  Aircraft  components.  Chapter  III, 
Airports,  etc.).  Organization  within  each  chapter  is  as  follows.  The  chapter  introduction 
briefly  describes  the  component  addressed  in  the  chapter,  discusses  the  way  in  which  it 
impacts  on  task  demands  or  pilot  capabilities,  and  outlines  the  elements  in  the  component. 
For  each  element  that  follows,  an  introduction  is  provided  that  briefly  describes  that 
element  and  provides  an  overview  of  the  human  factors  issues  identified  for  it.  These 
issues  are  then  discussed  individually. 


Figure  3  extends  the  structure  shown  in  Figure  2  by  breaking  'components'  into 
their  constituent  'design  elements.*  Other  components  and  elements  could  have  been 
included  in  this  model;  but  for  present  purposes,  those  shown  in  Figure  3  are  adequate. 

2 

As  was  previously  noted  with  reference  to  the  term  'design  issue,*  the  reader 
should  review  the  usage  made  here  of  the  terms  'component*  and  'design  element.’  These 
terms,  along  with  'design  issue,'  are  basic  to  the  expositional  structure  of  this  report. 
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To  aid  the  reader  in  following  this  organization  of  elements  and  issues,  the  following 
procedure  is  employed.  As  each  element  is  introduced,  that  element  is  identified  by  a 
major  capitalized  heading  followed  by  “(E)*  to  indicate  that  the  heading  denotes  an 
element.  Following  the  text  that  describes  the  element,  the  individual  design  issues 
associated  with  that  element  are  presented.  The  design  issues  are  nunbered,  with  issue 
headings  being  designated  as  'ISSUE  #1. --(title  of  issue),’  'ISSUE  #2.- -(title),*  etc. 
The  issues  are  nimbered  serially  from  #1  through  #35,  since,  in  all,  some  35  issues  were 
identified. 

The  specific  format  of  the  discussions  of  the  design  issues  differs  slightly  across  issues 
due  to  variability  in  the  information  that  was  available  concerning  given  issues,  and  to 
inherent  differences  in  the  nature  of  some  of  them.  In  general,  however,  each  issue  is 
discussed  with  respect  to  (1)  the  pilot  performance  problems  associated  with  the  design  of 
the  element,  (2)  requirements  for  the  design  or  modification  of  that  element  to  prevent  or 
alleviate  pilot  performance  problems,  and  (3)  information  required  by  the  designers  of  that 
element  to  address  the  issues  that  are  raised. 

Civen  the  breadth  of  coverage  of  this  report,  it  was  not  possible  to  describe  in  great 
detail  the  information  available  in  the  literature  with  respect  to  each  issue.  Rather,  such 
information  is  briefly  summarized,  and  references  to  the  articles  are  provided  to  enable 
the  reader  to  consult  them  for  further  information. 

ANALYSIS  OF  IMPLICATIONS  FOR  HUMAN  FACTORS  RESEARCH.  The  final  objective  of  the 
present  study  was  to  analyze  the  human  factors  design  issues  that  were  identified  in  terms 
of  their  implications  for  planning  future  human  factors  research  programs  in  general 
aviation.  This  analysis  was  accomplished  in  twa  separate  steps:  (1)  development  of  rating 
criteria  for  assessing  research  priorities;  and  (2)  use  of  the  criteria  to  assign  priorities 
to  the  issues. 

Development  Of  Priority  Criteria.  The  criteria  that  were  employed  to  assess  the 
relative  research  priorities  of  the  human  factors  design  issues  were  developed  through  the 
analysis  of  (1)  criteria  employed  in  past  projects  that  have  ranked  the  priority  of  human 
factors  research  topics  in  aviation  ( biol z  and  Eisele,  1979;  Fbst,  1970;  Matheny,  1975; 
Prophet,  Shelnutt  and  Spears,  1980),  and  (2)  information  obtained  during  the  interviews 
with  personnel  in  private  and  government  organizations  concerning  their  criteria  for  ranking 
research  priorities. 

On  the  basis  of  this  information,  twa  dimensions  for  rating  the  design  issues  v\ere 
identified.  The  first  dimension  assessed  the  criticality  of  current  operational  needs  for 
information.  This  dimension  represented  the  assessment  of  the  frequency  and  severity  of 
current  pilot  performance  problems  associated  with  a  given  design  issue.  Such  assessments 
of  criticality  considered  accident  data;  but  they  also  considered  analytical  judgments 
concerning  nascent  problems,  i.e^,  problems  that  have  not  yet  occurred  or  reached  some 
critical  level  of  frequency,  or  problems  that  are  forecast  based  on  changes  to  general 
aviation,  changes  in  supporting  technologies,  and  other  similar  evolutionary  or  revolutionary 
changes.  The  second  dimension  was  designed  to  assess  the  feasibility  of  using  human 
factors  research  to  address  a  given  design  issue.  The  feasibility  of  the  use  of  research 
to  address  a  topic  is  a  complex  professional  judgment,  one  that  is  based  on  a  combination 
of  factors.  These  include:  (1)  the  amenability  of  an  issue  to  quantification  with  respect 
to  factors  affecting  performance,  and  to  the  measurement  of  relevant  aspects  of  pilot 
performance;  (2)  the  cost  and  practicality  of  conducting  research  on  a  given  topic;  and 
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(3)  the  feasibiity  of  implementing  the  results  of  the  research  given  operational  constraints, 
and  the  estimated  resistance  of  these  constraints  to  change. 

Use  Of  The  Criteria  To  Evaluate  The  Issues.  Each  of  the  human  factors  design 
issues  was  evaluated  by  the  authors  on  the  basis  outlined  above.  This  judgment  was  based 
mainly  on  the  review  of  information  acquired  for  the  present  study,  but  also  involved  their 
experience  in  hianan  factors  research  in  civil  and  military  aviation  and  their  experience  as 
general  aviation  pilots.  Judgmental  evaluations  of  criticality  were  employed,  rather  than 
quantitative  indices  of  general  aviation  accidents,  because  of  (1)  inadequacies  in  the 
current  general  aviation  accident  data  bases,  and  (2)  limitations  on  the  use  of  accident 
data  for  identifying  critical  human  factors  design  issues  (see  Appendix  B).  However,  as 
noted,  accident  data  are  indicative  of  pilot  difficulties  and  so  were  part  of  the  information 
base  on  which  criticality  judgments  were  made. 

On  the  basis  of  these  evaluations,  the  design  issues  were  assigned  to  one  of  three 
priority  groupings:  (1)  high  priority  issues  that  should  be  investigated  in  future  research 
programs;  (2)  issues  that  are  of  secondary  priority,  but  are  nevertheless  important  and 

should  be  investigated  given  the  availability  of  research  funds;  and  (3)  issues  of  bw 

priority.  It  should  be  recognized,  however,  that  all  of  the  identified  issues  are  important, 
and  there  is  a  need  for  development  of  the  information  implied  by  the  issues.  Inevitably, 
there  will  be  constraints  on  research  funding  to  support  such  efforts.  Therefore,  the 

evaluations  of  priority  are  provided  to  aid  in  decisions  in  the  allocation  of  these  scarce 

funds,  though  it  is  recognized  that  the  final  decisions  in  that  regard  must  necessarily 
consider  other  factors  as  -well.  The  results  of  the  research  priority  evaluations  developed 
are  presented  in  Appendix  C  and  are  discussed  in  Chapter  VIII. 
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II.  AIRCRAFT 


The  relationship  of  the  pilot  to  the  aircraft  in  accomplishing  flight  tasks  can  be 

characterized  as  a  closed -loop  feedback  system  (Williams,  1971).  If  the  pilot  manipulates 
a  control  to  achieve  a  desired  goal,  information  concerning  that  action  and  its  effect  is 

fed  back  to  the  pilot.  In  this  manner,  the  pilot  can  perceive  whether  additional  control 

movement  is  needed  to  achieve  the  goal  and  can  close  the  loop  by  taking  that  action.  As 

illustrated  in  Figure  4,  the  pilot  may  receive  the  feedback  information  through  the 

perception  of  the  external  visual  scene  (e.g.,  the  use  of  the  horizon  in  contact  flight),  or 
he  may  employ  information  available  from  aircraft  displays  (e.g.,  the  attitude  indicator  in 
composite  or  instriment  flight). 

The  pilot's  task  consists  of  the  concurrent  performance  of  several  such  control  tasks  plus 
a  number  of  partially  independent  information  processing  and  decision-making  tasks  (Childs, 
1979).  As  diagramed  in  Figure  4,  the  pilot  interfaces  with  the  aircraft  in  a  number  of 
different  ways  in  the  performance  of  these  tasks.  Aircraft  displays,  for  example,  provide 
him  with  information  collected  by  aircraft  sensors  that  extend  and  supplement  his  own 

perception  of  the  external  world.  Indeed,  when  he  is  unable  to  make  perceptual  judgments 
concerning  the  relation  of  the  aircraft  to  the  external  world  through  direct  viewing  of  that 
relationship,  the  reliability  of  his  performance  is  a  function  of  the  adequacy  of  such 
displayed  information  with  respect  to  his  needs,  as  well  as  the  efficiency  and  effectiveness 

of  his  interpretation  of  it.  Thus,  the  design  of  these  information  displays  in  terms  of 

what  is  presented  and  how  it  is  presented  deteimines  a  significant  portion  of  the  task 
demands  faced  by  the  pilot. 

Similarly,  the  interface  between  the  pilot  and  aircraft  with  respect  to  the  control  system 
and  aircraft  dynamics  also  determines  a  significant  portion  of  the  task  demands  faced  by 
the  pilot.  These  two  factors  interact  with  display  and  other  interface  factors  to  determine 
pilot  workload  and  requirements  for  psychomotor  skills  associated  with  the  execution  of 
control  tasks.  In  addition  to  displays  and  controls,  the  design  of  the  windscreen, 
glareshield  and  other  aspects  of  the  cockpit  and  airframe  determines  requirements  placed 
on  the  pilot  with  respect  to  viewing  the  surrounding  visual  scene.  Other  features  of  the 
design  of  the  cockpit  determine  the  intra -aircraft  environment  in  which  the  pilot  must 
perform  his  tasks.  If  this  environment  does  not  provide  sufficient  support  for  the  pilot's 
physiological  needs,  or  if  it  is  distracting  or  fatiguing,  then  additional  demands  are  placed 
on  the  pilot. 

There  are  other  similar  aspects  of  the  pilot -aircraft  interface  that  combine  to  exert  a 
major  influence  on  the  performance  of  the  pilot.1  In  recognition  of  the  importance  of 
this  influence,  human  factors  engineering  standards  are  often  specified  for  use  in  the 
design  of  aircraft  to  promote  compatibility  of  the  cockpit  displays,  controls,  and 
environment  with  the  capabilities  and  needs  of  the  pilot.  Many  such  standards  exist  for 
use  in  the  design  of  military  and  civil  aircraft,  as  well  as  for  many  other  types  of 
equipment  systems.  Within  the  Federal  Aviation  Regulations  (Part  23),  for  instance,  several 
of  the  airworthiness  standards  are  concerned  with  aircraft  displays,  handling,  and  other 


Comprehensive  discussions  of  the  pilot -aircraft  interface  can  be  found  in  Williams 
(1971)  and  Roscoe  (in  press). 
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factors  related  to  pilot  performance.  Other  examples  of  such  standards  int  ude  Military 
Standard  1472B  (Department  of  Defense,  1974)  and  Military  Handbook  759  (Department  of 
the  Army,  1974). 

The  major  function  of  these  standards  is  to  furnish  information  that  can  be  employed  by 
designers  to  develop  design  alternatives  that  are  compatible  with,  or  even  exploit,  pilot 
capabilities.  Furthermore,  the  standards,  especially  if  they  are  specified  as  design  criteria 
in  regulations,  serve  to  assure  the  commonality  of  designs  across  different  aircraft.  The 
standardization  function  is  particularly  important  when  pilots  fly  different  aircraft 
frequently,  as  is  often  the  case  in  general  aviation. 

In  addition  to  these  standards,  human  factors  information  is  available  to  designers  in  the 
form  of  less  forma!  guidance,  such  as  guidebooks,  handbooks,  textbooks,  technical  reports, 
and  other  reports  in  the  scientific  and  engineering  literature.  In  fact,  these  sources  tend 
to  be  employed  more  frequently  than  formal  human  factors  engineering  standards  (Rogers 
and  Armstrong,  1977).  This  informal  guidance  serves  the  same  function  as  standards,  with 
the  difference  that  use  of  such  guidance  is  voluntary,  and,  given  the  variety  of  sources,  it 
is  difficult  to  access  and  integrate  by  design  personnel  not  familiar  with  the  human 
factors  literature. 

The  major  goal  of  human  factors  research  on  aircraft  design  is  to  provide  information  that 
can  be  employed  as  standards  and  guidance  for  design.  Some  of  this  research  is  conducted 
for  specific  aircraft,  displays,  or  other  pieces  of  equipment,  and  is  tailored  to  provide 
specific  information  needed  for  the  design,  development  and  testing  of  that  equipment.  The 
focus  of  human  factors  research  in  equipment  design,  however,  ranges  from  this  level  of 
system  specificity  to  the  development  of  general  information  that  can  be  employed  in  a 
variety  of  applications  (e.g.,  general  guidance  for  the  design  of  all  displays).  With 

respect  to  general  aviation,  the  major  goal  of  most  of  the  research  conducted  by 

government  agencies,  such  as  the  FAA  and  NASA,  is  to  provide  a  comprehensive  basis  for 
developing  (1)  airworthiness  standards  that  will  direct  the  design  of  the  pilot -aircraft 
interface  by  the  large  number  of  independent  individuals,  teams  and  private  organizations 
who  do  such  work,  and  (2)  informal  guidance  that  can  be  employed  by  such  designers  as  a 
systematic  foundation  for  their  designs.  As  discussed  in  Chapter  I,  such  foundations  are 
necessary  to  assure  or  enhance  congruity  between  task  demands  and  pilot  capabilities. 

The  human  factors  design  issues  discussed  in  the  remainder  of  this  chapter  focus  on  the 
identification  of  requirements  for  information  needed  to  develop  standards  and  furnish 

informal  guidance  for  the  design  of  general  aviation  aircraft."*  Five  elements  were 
identified  (see  Figure  3)  to  organize  the  discussion  of  these  issues.  Four  of  these 


It  is  recognized  that  many  other  human  factors  research  issues  could  be  specified 
with  respect  to  aircraft  design  - -e.g.,  the  design  of  specific  displays.  The  focus  of  this 
report,  however,  is  on  the  determination  of  issues  related  to  the  performance  and  safety 
of  general  aviation  pilots  and  the  determination  of  institutional  actions  that  can  be  taken 
to  resolve  these  issues;  in  this  case,  these  actions  are  the  specification  of  human  factors 
engineering  standards  and  the  provision  of  informal  guidance  to  the  various  designers  of 
general  aviation  aircraft  and  subsystems.  Moreover,  as  will  be  discussed  in  subsequent 
sections,  there  is  a  major  need  at  this  time  for  systematic  study  of  where  general  aviation 
is  now  and  where  it  is  going,  as  opposed  to  independent  investigations  of  different  aspects 
of  aircraft  design. 
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elements  are  related  to  aspects  of  the  pilot -aircraft  interface  discussed  earlier  in  this 
section.  These  are  (1)  controls  and  displays,  (2)  handling  characteristics,  (3)  visibility, 
and  (4)  environmental  control.  The  fifth  element,  integrated  flight  management  systems, 
represents  design  concerns  related  to  the  incorporation  of  advanced  electronics  technology 
in  general  aviation  aircraft  - -e.g.,  airborne  microprocessors,  data  link,  variable  content 
displays  such  as  cathode  ray  tubes  (CRTs),  and  fly-by-wire  control  systems.  While  the 
use  of  this  technology  is  extensive  within  some  current  military  aircraft,  it  is  only  in  its 
beginning  stages  in  general  aviation.  The  changes  that  will  result  from  this  technology 
will  be  major  - -perhaps  revolutionary  - -in  their  effects  on  general  aviation  pilot  task 
demands.  Unless  appropriate  guidance  and  standards  for  the  various  applications  of  this 
technology  are  provided,  the  very  flexibility  of  applications  this  technology  affords  may 
result  in  a  proliferation  of  pilot  performance  problems.  Thus,  the  issue  raised  for  this 
element  concerns  the  need  for  information  to  guide  the  increased  utilization  of  this 
technology.^ 

CONTROLS  AND  DISPLAYS  (E). 


While  general  aviation  aircraft  vary  greatly  in  sophistication,  their  basic  displays  and 
controls  are  essentially  the  same.  Displays  provide  the  pilot  with  (1)  flight  status 
information  (e.g.,  airspeed,  altitude);  (2)  powerplant  status  (e.g.,  revolutions  per  minute); 
(3)  subsystem  status  (e.g.,  ON-OFF,  radio  frequency  tuned);  (4)  navigation  information 
(e.g.,  course  and  deviation  from  course);  and  (5)  alerts  or  warnings  (e.g.,  stall  warning). 
Additionally,  almost  all  aircraft  have  radios  for  voice  communications.  Basic  aircraft 
controls  include  (1)  flight  controls;  (2)  powerplant,  fuel  management  system,  and  propeller 
controls;  (3)  flaps,  trim,  and  landing  gear  controls;  and  (4)  various  knobs  and  dials  for 
tuning  radios  and  setting  displays. 

The  more  sophisticated  general  aviation  aircraft  may  have  a  variety  of  additional  subsystem 
components,  each  with  its  own  displays  and  controls.  Examples  might  include:  (1) 
autopilots  of  varying  capabilities;  (2)  flight  director  systems  that  furnish  command  signals 
to  the  pilot,  thus  guiding  his  control  actions;  (3)  area  navigation  systems  that  provide  the 
pilot  with  the  ability  to  set  up  courses  in  two  and  three  dimensions  regardless  of  the 
location  of  ground-based  navaids;  and  (4)  weather  radar,  anti -icing  equipment  and  other 
equipment  designed  to  facilitate  all-weather  flying.  A  comprehensive  review  of  avionics 
that  are  employed  in  general  aviation  aircraft  can  be  found  in  Schwenk  (1979). 

The  following  issue  (Issue  #1)  concerns  the  development  of  human  factors  engineering 
standards  and  guidance  for  the  design  of  both  the  basic  and  more  complex  conventional 
displays  and  controls  described  above. 

ISSUE  yi.-  -HUMAN  FACTORS  ENGINEERING  STANDARDS  AND  GUIDANCE  FOR  AIRCRAFT  CON¬ 
TROLS  AND  DISPLAYS.  In  the  past,  the  design  of  basic  aircraft  controls  and  displays  was 
limited  by  engineering  constraints  associated  with  the  use  of  analogue  equipment  (e.g.. 


For  purposes  of  discussion,  controls  and  displays  currently  in  most  general  aviation 
aircraft  will  be  referred  to  as  ’conventional’  equipment  to  differentiate  them  from  the 
’advanced  technology'  equipment  described.  Since  some  forms  of  digital  electronic 
equipment  and  CRT  displays  are  already  employed  in  general  aviation  aircraft,  there  is,  by 
necessity,  some  overlap  in  the  following  discussions  between  'conventional'  and  'advanced 
technology'  equipment. 
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mechanical  linkage  of  display  indicators  to  sensors).  Moreover,  few  of  these  controls  and 
displays  were  designed  on  the  basis  of  systematic  analysis  of  their  human  factors 
characteristics  or  requirements.  As  a  result,  numerous  pilot  performance  problems  have 
been  identified  that  can  be  attributed  to  the  design  of  fuel  management,  powerplant,  flight, 
and  other  basic  controls  and  displays. 

A  number  of  techniques  have  been  employed  to  identify  these  problems,  such  as  (1) 
analysis  of  accidents  (e.g.,  NTSB,  1967;  1972f;  1974a);  (2)  analysis  of  incidents  (e.g., 
Fitts  and  lones,  1947);  (3)  formal  and  informal  analysis  of  design  deficiencies  in  current 
aircraft  (e.g.,  Ontiveros,  Spangler,  and  Sulzer,  1978;  Schiff,  1980;  Thurston,  1980);  and 
(4)  experimental  research  on  basic  controls  and  displays  (e.g.,  Hasbrook,  Rasmussen,  and 
Willis,  1975;  Ince,  Williges,  and  Roscoe,  1975;  Jensen,  1979;  johnson  and  Roscoe,  1972; 
Roscoe,  1968;  in  press). 

Examples  of  problems  identified  through  the  use  of  these  techniques  include: 

•  incorrect  operation  of  controls  (e.g.,  selection  of  empty  instead  of  full  fuel 
tanks); 


•  misinterpretation  of  displays  (e.g.,  incorrect  readings  of  altimeters  or  attitude 
indicators); 

•  failure  to  respond  to  display  of  critical  information  (e.g.,  stall  warning  horns  or 
lights); 

•  inadvertent  operation  of  controls  (e.g.,  operation  of  flaps  instead  of  landing 

gear); 

•  mistaking  one  display  for  another;  and 

•  difficulties  in  locating  a  display  or  control  due  to  confusion  over  the  layout  of 
the  instrument  panel. 

An  illustration  of  the  extent  and  criticality  of  some  of  these  problems  is  provided  by  the 
high  frequency  of  accidents  due  to  engine  failures  among  general  aviation  pilots  across  all 
levels  of  flight  experience  (NTSB,  1979a).  Many  such  accidents  are  attributed  to  errors  in 
operation  of  powerplant  and  fuel  system  management  controls  (NTSB,  1972f;  1974a). 

Possible  reasons  for  these  problems  can  be  identified  through  the  human  factors  analysis  of 
conventional  controls  and  displays.  Such  analyses  reveal  several  deviations  from  long- 
established  human  factors  engineering  principles.^  Examples  of  such  deviations  include  (1) 
display  scale  markings  that  are  difficult  to  interpret;  (2)  locations  of  displays  that  make 
them  difficult  to  see;  (3)  arrangements  of  displays  that  are  incompatible  with  the 
arrangements  of  related  controls;  (4)  display  of  information  in  a  manner  that  is  contrary 


Comprehensive  descriptions  and  explanations  of  human  factors  principles  for  displays 
and  controls  can  be  found  in  several  human  factors  texts  and  handbooks  (e.g..  Department 
of  the  Air  Force,  1977;  McCormick,  1976;  Parker  and  West,  1973;  Van  Cott  and  Kincade, 
1972). 
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to  expectations  of  the  general  population;^  (5)  layout  of  displays  in  patterns  that  are  not 
optimally  arranged  to  facilitate  scanning  of  displays  with  respect  to  the  structure  of  pilot 
information  needs;  (6)  poor  lighting  of  displays  at  night;  (7)  locations  of  controls  that 
make  them  difficult  to  operate;  (8)  ambiguous  labeling  of  control  settings;  (9)  control 
operating  logic  that  is  contrary  to,  or  does  not  exploit,  expectations  of  the  general 
population;  and  (10)  placement  of  controls  with  similar  appearance  in  close  proximity  to 
one  another. 

In  addition  to  these  deficiencies,  there  is  lack  of  standardization  across  aircraft  with 

respect  to  design  of  individual  displays  and  controls  that  accomplish  similar  functions,  and 
to  the  layout  of  these  displays  and  controls.  The  lack  of  such  standardization  creates 
problems  for  pilots  who  are  transitioning  into  new  aircraft  or  who  frequently  fly  different 
aircraft,  as  is  often  the  case  in  general  aviation. 

All  of  the  above  deficiencies  can  increase  the  risk  of  error  in  the  use  of  particular 

controls  and  displays.  Moreover,  such  deficiencies  can  also  increase  workload  of  pilots 
since  they  may  have  to  expend  more  mental  and  physical  effort  to  use  displays  and 
controls  with  deficient  designs.  This  increment  in  workload  can  lead  to  errors  in  the 
performance  of  other  tasks  critical  to  the  safety  of  flight  (Fitts  and  Jones,  1947; 

Ontiveros,  Spangler,  and  Sulzer,  1978). 

Support  for  the  assertion  that  the  above  deficiencies  can  cause  pilot  performance  problems 
can  be  found  in  the  results  of  experimental  research  on  the  use  of  improved  aircraft 
displays  and  controls  that  incorporate  human  factors  guidance  (a  comprehensive  review  of 
this  research  can  be  found  in  Roscoe,  in  press).  These  results  reveal  increases  in  the 
efficiency  and  effectiveness  of  pilot  performance  with  the  use  of  such  displays  and 

controls  in  comparison  with  performance  resulting  from  the  use  of  conventional  displays 

and  controls. 

Recognition  of  the  need  to  assess  the  impact  of  different  display  and  control  design 

alternatives  on  pilot  performance  has  increased  over  the  past  few  years.  This  trend  is 

evidenced,  for  example,  by  the  conduct  of  human  factors  research  to  aid  in  the 
development  of  area  navigation  systems  for  use  in  general  aviation  aircraft  (e.g.,  Adams, 

1975;  Edmonds,  Pursel,  and  Callagher,  1977).  This  research  has  assessed  the  influence  on 
pilot  performance  of  a  number  of  design  variables,  such  as  display  formats,  and  waypoint 
entry  and  storage  devices,  and  techniques.  While  this  research  has  guided  the  development 
of  such  systems  to  a  certain  extent,  various  area  navigation  mits  include  heterogeneous 
design  characteristics  that  do  not  necessarily  reflect  conclusions  drawn  from  this  research. 

While  it  is  recognized  that  user  needs  and  constraints  differ,  and  that  ingenuity  in  design 
should  be  encouraged,  it  is  bgicat  to  assume  that  the  proliferation  of  designs  for  these 
systems  may  well  lead  to  problems  similar  to  those  described  for  basic  displays  and 
controls.  Given  the  projected  increases  in  all-weather  flying  and  the  associated  increase 


1For  example,  a  basic  principle  of  display,  according  to  Roscoe  (1968)  is  that  the 
movement  in  a  display  could  reflect  movement  of  the  aircraft.  Roscoe  presents  evidence 
that  pilots  have  less  difficulty  using  displays  in  which  this  principle  is  followed  (e.g., 
vertical  speed  indicators)  in  comparison  with  displays  in  which  it  is  not  (e.g.,  conventional 
attitude  indicators). 
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in  the  sophistication  of  general  aviation  aircraft,  many  other  new  systems  will  be 
incorporated  soon  into  certain  general  aviation  aircraft  (e.g.,  equipment  for  use  of 
LORAN-C  or  the  Global  Fbsitioning  system).  It  is  possible  that  such  problems  will  occur 
for  these  and  other  new  systems. 

To  prevent  the  possible  proliferation  of  new  pilot  performance  problems,  as  well  as  to 
address  many  of  the  present  ones  described  above,  human  engineering  standards  and 
guidance  need  to  be  developed  that  will  direct  and  guide  the  design  of  controls  and 
displays  for  general  aviation  aircraft.  The  question  arises,  however,  of  what  is  needed  in 
addition  to  the  formal  standards  (such  as  in  Part  23)  and  the  volumes  of  human  factors 
guidance  concerning  display  and  control  design  that  currently  exist.  Programmatic  research 
should  be  conducted  that  (1)  reviews  existing  and  projected  future  needs  within  general 
aviation  for  human  factors  criteria  for  the  design  of  displays  and  controls,  (2)  determines 
if  such  needs  are  best  addressed  through  standards  or  through  more  informal  guidance,  (3) 
identifies  and  systematizes  the  information  that  currently  exists  that  can  be  adopted  and 

employed  in  such  standards  or  guidance,  and  (4)  identifies  needs  for  additional  information 
that  should  be  addressed  through  future  research.  Additionally,  this  research  should  also 
investigate  how  human  factors  engineering  standards  should  be  formatted  and  disseminated 
in  the  general  aviation  context  since  such  considerations  are  crucial  to  their  acceptance 

and  use  (Meister,  1971;  1972;  Rogers  and  Armstrong,  1977;  Rogers  and  Pegden,  1977). 

Human  factors  engineering  standards  and  guidance  developed  through  the  above  research  will 
serve  to  direct  the  future  development  of  displays  and  controls  in  general  aviation  aircraft 
in  a  systematic  manner.  As  such,  the  standards  and  guidance  should  not  be  overly 

restrictive  of  design  ingenuity  or  free  market  competition.  They  should  also  reflect 

consideration  of  the  well-established  skills  of  the  800,000  pilots  who  employ  current 
displays  and  controls,  and  of  the  economic  and  other  constraints  on  design  of  general 
aviation  aircraft.  It  is  highly  probable  that  the  desire  to  avoid  excessive  restrictions  and 
concern  for  the  promulgation  of  standards  that  do  not  consider  the  above  constraints  have 
hindered  the  development  of  human  factors  engineering  standards  in  the  past.  Rather  than 
serving  to  restrict  future  research  on  these  standards,  however,  these  considerations  should 
serve  to  inderscore  the  need  for  programmatic,  objective  research.  Such  research  should 
support  the  development  of  human  factors  engineering  standards  that  will  address  pilot 
performance  problems  in  an  efficient,  effective,  and  practical  manner. 

HANDLING  CHARACTERISTICS  (E). 

Cooper  and  Harper  (1969)  defined  handling  characteristics  as  ’qualities  or  characteristics 
that  govern  the  ease  and  precision  with  which  a  pilot  is  able  to  perform  the  tasks  required 
in  the  support  of  an  aircraft  role.'  Ellis  (1974)  states  that  handling  qualities  deal  with 
'the  ease  and  precision  with  which  an  airplane  can  be  flown.’  The  importance  of  handling 
can  be  seen  from  a  human  factors  standpoint,  because  it  is  a  complex  topic  dealing  with 
both  the  dynamics  of  the  aircraft  and  the  characteristics  of  the  human  operator.  Handling 
is  of  interest  here  as  influenced  by  the  design  of  the  airframe  and  powerplant,  which 
affects  aircraft  dynamics  and,  hence,  pilot  performance.  Performance  problems  which 
might  be  expected  to  occur  as  a  result  of  poor  handling  characteristics  include  loss  of 
control  in  turbulence,  poor  directional  control  during  takeoffs  and  landings,  loss  of  control 
due  to  poor  stall/spin  characteristics,  and  loss  of  directional  control  during  landing  rollout 
for  tailwheel  aircraft.  The  major  issue  (Issue  #2)  identified  for  handling  characteristics 
concerns  the  development  of  objective  measures  of  handling  quality  and  the  utility  of  these 
measures  in  developing  standards  for  assessing  handling  quality. 
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ISSUE  #2.  -  -OBI  ECTIVE  ASSESSMENT  METHODS  FOR  AIRCRAFT  HANDLING  QUALITIES.  In 
1967,  the  FAA  initiated  a  program  to  quantify  aircraft  handling  characteristics  for  the 

purpose  of  employing  these  data  in  the  design  process.  Despite  its  subjective  nature,  a 

great  deal  was  already  known  about  the  importance  of  handling  as  an  aircraft  design 

parameter.  Much  has  subsequently  been  learned  about  what  constitutes  good,  marginal, 
and  msafe  handling  qualities  (Ellis,  1970;  1971).  It  has  been  noted,  however,  that 

descriptions  and  assessments  of  handling  qualities  remain  rather  subjective  processes,  with 
minimal  FAA  standards  and  little  incentive  for  manufacturers  to  concentrate  on  improvement 
in  aircraft  handling.  Further,  FAA  airworthiness  standards  aie  intended  as  minimal,  and 

minimal  standards  appear  to  function  more  effectively  for  such  design  characteristics  as 
structures  and  propulsion  than  for  handling  qualities  (Roskam  and  Kohlman,  1974).  Without 
sufficient  impetus  for  change,  (e.g.,  documented  improvements  in  accident  data  or  increased 
sales),  handling  criteria  continue  to  be  vague  or  nonexistent,  and  handling  requirements 
continue  to  lag  behind  general  aviation  technology  (Roskam,  1975;  Ellis  and  Griffith, 
1978).  Consequently,  a  large  number  of  general  aviation  aircraft,  although  adequate  for 
nonturbulent  VFR  conditions,  have  marginal  or  dangerous  handling  characteristics  in  IFR  or 
turbulent  conditions  (Roskam  and  Kohlman,  1974;  Ellis  and  Steinberger,  1977).  Many  of 
these  aircraft  also  are  dangerously  unstable  in  stalls,  spins  and  spirals,  and  have  poor 
damping  characteristics,  having  undergone  less  than  comprehensive  airworthiness  tests 
(Roskam,  1975).  Ellis  (1974)  has  noted  that  handling  qualities  research  has  failed  to 
include  experiments  specifically  designed  to  combine  undesirable  handling  characteristics 
factorially.  Rather,  the  conventional  approach  has  been  to  examine  the  effects  of  several 
good  characteristics  (held  constant)  on  one  bad  characteristic. 

Capabilities  to  improve  handling  characteristics  in  the  design  of  general  aviation  aircraft 
have  been  cited  repeatedly  (e.g.,  Bergey,  1978;  Roskam  and  Kohlman,  1974;  McCollough, 
1979;  Roskam,  1975).  To  support  the  development  of  such  capabilities,  research  is  needed 
to  identify  objective  techniques  for  assessing  aircraft  handling  qualities.  Such  techniques 
could  be  derived  from  any  of  a  number  of  quantitative  pilot  models  (e.g.,  Anderson,  1970; 
Onstott,  1972;  Kleinman,  Baron  and  levlson,  1970;  Hess,  1977).  The  disadvantage  of  these 
models  for  deriving  quantitative  handling  criteria,  however,  is  that  they  are  overly 
reduct  ion  i  Stic  in  their  treatment  of  pilot  behavior.  Specifically,  they  deal  with  the  pilot 
only  as  a  static  feedback  source.  If  standards  for  aircraft  handling  qualities  are  to  be 
useful,  they  must  be  based  upon  objective  measures  which  account  for  the  complexities  of 
both  pilot  and  aircraft  as  represented  by  their  interface.  Since  state-of-the-art 
technology  has  enabled  a  firm  understanding  of  aircraft  variables,  it  is  the  identification 
and  analysis  of  human  performance  variables  that  will  result  in  objective  measures  and 
standards  of  general  aviation  aircraft  handling  characteristics. 

VISIBILITY  (E). 

Cockpit  visibility  is  primarily  a  function  of  the  design  of  the  gla reshield,  windscreen 
viewing  area,  forward  fuselage,  wing  characteristics,  and  seat  characteristics.  Visibility 
requirements  vary  with  flight  phase.  Vertical  visibility  (i.e.,  the  ability  of  the  pilot  to 
see  what  is  above  and  below  his  aircraft)  is  critical  for  takeoffs,  approaches,  and 
landings.  Horizontal  visibility  (i.e.,  the  ability  of  the  pilot  to  see  what  is  to  either  side 
of  his  aircraft)  is  critical  for  avoiding  midair  collisions.  The  major  design  issue  (Issue 
#3)  identified  for  cockpit  visibility  concerns  the  development  of  human  factors  guidelines 
and  minimtm  criteria  for  extracockpit  field  of  view. 


ISSUE  #  3. --EXTRACOCK  PIT  VISIBILITY  CRITERIA  AND  GUIDELINES.  Although  the 
‘see -and -avoid'  concept  has  been  criticized  (Bain,  1969),  it  remains  the  major  source  of 
vertical  and  horizontal  separation  for  VFR  aircraft  operating  in  the  National  Airspace 

System.  The  ability  to  see  and  avoid  other  aircraft  is,  pilot  visual  capability  excepted,  a 
function  of  external  field  of  view.  No  specific  empirical  research  on  field  of  view 
requirements  for  general  aviation  aircraft  was  found,  but  the  need  for  such  research  was 
expressed  by  some  interviewees. 

Because  cockpit  visibility,  like  aircraft  handling,  traditionally  has  been  studied  subjectively, 
minimum  visibility  criteria  have  not  been  carefully  defined  and  enforced  (NTSB,  1968; 
1969;  McCourt  and  Hewin,  1979).  For  example,  current  general  aviation  aircraft  visibility 

guidelines  are  based  on  transport  aircraft  with  two  pilots  and,  as  such,  likely  should  be 

revised.  Thielges  and  Matheny  (1971)  have  developed  a  mathematical  model  for  detecting 
shifts  between  internal  and  external  reference  points  for  helicopter  pilots  and  for  plotting 
the  potential  information  density  of  the  visual  envelope.  The  use  of  such  a  model  for 

depicting  the  pilot's  visual  scene  may  be  useful  in  generating  minimum  visibility  criteria 
for  various  general  aviation  aircraft.  Examples  of  performance  problems  resulting  from  a 
lack  of  validated  minimum  visibility  criteria  include  glidepath  deviations  during  visual 
approaches,  potential  midair  collisions,  and  controlled  flight  into  terrain,  all  of  which 
might  result  from  restricted  vertical  visibility.  Future  visibility  problems  will  be  further 
complicated  by  the  increased  use  of  larger,  higher  performance  aircraft  for  business 
purposes. 

Research  is  needed  to  provide  information  for  developing,  publishing,  and  implementing 
objective  minimum  cockpit  visibility  criteria  for  general  aviation  aircraft.  Such  criteria 
should  result  in  improved  pilot  performance  by  assuring  that  pilot  visibility  is  adequate  to 
accomplish  the  range  of  intended  missions  safely  and  efficiently. 

ENVIRONMENTAL  CONTROL  (E). 

Certain  intracockpit  environmental  variables  (e.g.,  oxygen,  temperature,  noise,  and  vibration) 
known  to  have  adverse,  and  in  certain  cases  lethal,  effects  on  pilots  in  the  early  days  of 
aviation  have  received  a  great  deal  of  research  and  engineering  attention  (McFarland,  1946; 
1953).  Due  mainly  to  significant  improvements  in  aircraft  design,  these  variables  no 
longer  present  the  extensive  threat  that  they  once  did.  However,  they  are  still  of  concern 
(Brantigan,  1974;  Roskam,  1975).  The  effects  of  these  variables  on  performance  may  be 
sudden  and  dramatic,  but  are  more  often  subtle  and  cumulative,  and  they  may  Ere  mani¬ 
fested  physically,  physiologically,  or  psychologically.  The  major  design  issue  (Issue  #4) 
identified  for  these  design  variables  concerns  the  development  of  human  factors  guidelines 
and  standards  for  intracockpit  noise  and  vibration. 

ISSUE  #4.- -HUMAN  FACTORS  GUIDELINES  AND  STANDARDS  CONCERNING  INTRACOCKPIT 
NOISE  AND  VIBRATION.  The  effects  of  noise  on  human  performance  are  complex, 
task -specif ic,  and  hard  to  predict  (Kryter,  1970).  However,  previous  research  has 
determined  that  various  types  and  levels  of  noise  can  degrade  performance  ( Eschenbrenrter, 
1971;  Hornick  and  Lefritz,  1966;  Tobias,  1972;  Childs  and  Halcomb,  1972).  Mozell  and 
White  (1958)  and  Garill  and  Snyder  (1957)  have  reported  tracking  decrement  under 
conditions  of  vibration.  Bums  (1963)  has  warned  that  exposure  to  noise  and  vibration 
should  be  minimized  because  of  their  tendency  to  induce  fatigue  and,  hence,  to  increase 
accident  probability.  Shaw  and  Allen  (1968)  state  that  lateral  vibration  can  be  especially 
disruptive  to  accurate  interpretation  of  instrument  readings  and  to  smooth  and  precise 
control  movements. 
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Research  is  needed  to  provide  more  detailed  information  concerning  the  effects  of  current 
general  aviation  aircraft  noise  and  vibration  characteristics  upon  pilot  proficiency  over 
extended  time  periods.  The  product  of  this  research  would  be  human  factors  guidelines 
and  standards  to  be  employed  in  the  design  of  general  aviation  aircraft. 

INTEGRATED  FLICHT  MANAGEMENT  SYSTEM  (E). 

Technological  forecasts  have  indicated  that  advances  in  digital  electronics  and  related 
technologies  will  have  a  substantial  impact  on  the  design  of  future  general  aviation  aircraft 

(Bergey,  1978;  McCollough,  1979;  Smyth,  1979;  Tashker,  1976;  Teper,  Hoh,  and  Smyth, 

1977).  Such  advances  include  (1)  airborne  microprocessing  units;  (2)  variable  content 
displays  such  as  cathode  ray  tube  displays,  head -up  displays,  and  flat  panel  displays;  (3) 
data  entry  devices  for  interacting  with  the  microprocessor  (e.g.,  keyboards,  multi -function 
switches);  (4)  fly-by-wire  or  fiber  optics  control  system  technology;  (5)  new  aircraft 
sensors;  and  (6)  data  link.  This  technology  is  currently  expensive  and,  thus,  is  rarely 

employed  in  present  general  aviation  aircraft.  Projected  trends  toward  tower  costs  and 

greater  reliability  indicate,  however,  that  such  technology  will  be  used  extensively  in  many 
future  general  aviation  aircraft,  such  as  business  airplanes. 

While  this  technology  can  be  employed  for  a  variety  of  separate  functions  aboard  these 
general  aviation  aircraft,  its  full  potential  can  only  be  achieved  through  the  development  of 
integrated  flight  management  systems.  Thus,  the  major  human  factors  issue  (#5)  raised 
with  respect  to  the  use  of  this  technology  concerns  the  development  of  such  systems. 

ISSUE  #5. --REQUIREMENTS  FOR  INTEGRATED  FLIGHT  MANAGEMENT  SYSTEMS.  The  design 
of  early  aircraft  displays  and  controls  was  limited  by  engineering  constraints  inherent  in 
the  technology  that  was  available  at  that  time.  Thus,  these  displays  and  controls  were  not 
optimally  designed  with  respect  to  pilot  information  processing  and  psychomotor  abilities . 
Since  pilots  became  accustomed  to  them,  however,  variations  of  many  of  these  early 
designs  continue  to  be  employed  at  present.  As  a  result,  several  pilot  performance 
problems  have  been  identified  that  are  associated  with  the  use  of  many  conventional 
aircraft  displays  and  controls.  (These  problems  are  reviewed  in  the  discussion  of  Issue 
#1.) 

The  advanced  electronics  technology  described  above  can  be  used  to  develop  displays  and 
controls  that  prevent  such  performance  problems.  The  microprocessor,  for  example,  can  be 
employed  to  reduce  pilot  information  processing  requirements  through  the  integrated 
analysis  of  information  from  different  aircraft  sensors  and  data  link  sources,  and  the 
transformation  of  this  information  into  useful  forms  for  display  to  the  pilot.  It  also  can 
be  employed  to  generate  information  not  previously  available  to  the  pilot,  such  as  predic¬ 
tions  of  the  future  path  of  the  aircraft.  The  flexibility  of  variable  content  displays  will 
enable  all  of  this  information  to  be  presented  in  more  easily  and  reliably  interpreted  forms 
than  possible  with  current  analogue  displays.  Furthermore,  use  of  these  displays  will  allow 
the  time-phase  presentation  of  information  tailored  to  different  requirements  that  arise 
during  different  phases  of  flight.  Such  advances  in  the  display  of  information  are 
paralleled  by  advances  in  control  system  design.  Use  of  microprocessors  and  fly-by-wire 
technology,  for  instance,  will  enable  augmentation  or  automation  of  all  flight  control  tasks, 
thus  greatly  changing  the  nature  of  the  role  of  the  pilot. 

Research  is  being  conducted  at  present  that  is  exploring  the  use  of  this  advanced 
technology  for  a  variety  of  such  functions,  (reviews  of  this  research  can  be  found  in  FAA, 
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1978;  and  Roscoe,  in  press).  A  number  of  different  systems  are  being  evaluated  as  part 
of  this  research.  As  with  existing  aircraft  displays  and  controls,  these  systems  are  often 
thought  of  as  being  separate  entities;  thus,  their  development  is  independently  pursued  by 
different  organizations.  While  this  research  is  of  value  in  expanding  knowledge  concerning 
the  use  of  this  advanced  technology,  the  continued  independent  development  of  applications 
for  such  technology  may  result  in  an  even  greater  proliferation  of  unstandardized  displays 
and  controls  than  are  present  in  current  aircraft. 

In  addition  to  the  pilot  performance  problems  that  may  be  caused  by  this  proliferation, 
many  other  such  problems  may  also  be  created  if  this  new  technology  is  not  s>  stemat  ically 
developed.  For  example,  given  the  lack  of  systematic  analysis  of  information  needs, 
variable  content  displays  might  be  employed  to  present  information  in  the  same  format  as 
in  existing  analogue  displays.  Such  "new"  displays  would  not  solve  the  problems  inherent 
in  the  design  of  old  displays.  On  the  other  hand,  if  completely  new  displays  are  developed 
that  require  interpretative  skills  that  seriously  conflict  with  the  well-established  habits  of 
some  800,000  current  pilots,  then  these  pilots  may  err  in  the  use  of  the  new  displays. 
Another  possible  problem  is  that  the  flexibility  of  variable  content  displays  may  be 
over -exploited,  resulting  in  too  much  information  being  presented  to  the  pilot.  Conversely, 
if  control  of  the  aircraft  is  highly  automated,  then  the  pilot  may  suffer  from  ‘underload* 
and  fail  to  keep  track  of  system  activities,  thus  lowering  his  ability  to  detect  malfunctions 
and  respond  to  them  efficiently.  Given  such  inactivity,  many  of  his  control  skills  may  also 
degrade  over  time  due  to  lack  of  practice. 

These  problems  and  many  others  may  occur  if  the  capabilities  of  pilots  and  the  new 
technologies  are  not  systematically  considered  in  the  design  of  future  aircraft.  Such 
considerations  will,  by  necessity,  include  (1)  identification  and  analysis  of  all  of  the 
functions  that  must  be  performed  in  order  to  accomplish  mission  goals;  and  (2)  allocation 
of  these  functions  to  either  the  pilot  or  aircraft  systems  based  on  their  relative 
capabilities  to  perform  them.  Only  after  such  analyses  have  been  conducted,  can  the  tasks 
to  be  performed  by  the  pilot  be  defined.  In  turn,  only  after  these  tasks  have  been 
defined  can  the  requirements  for  displays  and  controls  be  specified. 

The  need  for  such  a  systematic  approach  to  design  is,  of  course,  not  unique  to  general 
aviation,  but  is  common  to  all  man-machine  systems.  As  such,  several  analytical 
techniques  have  been  developed  to  structure  the  design  process  employed  in  the  development 
of  these  systems  (reviews  of  such  techniques  can  be  found  in  DeGreene,  1970;  Meister  and 
Rabideau,  1965;  Meister,  1971;  Rouse,  1980;  and  Van  Cott  and  Kincade,  1972).  The  use 
of  such  techniques  has  frequently  resulted  in  the  design  of  man -machine  systems  in  which 
the  role  of  the  operator  is  greatly  changed  from  that  of  preceding  systems.  In  military 
aircraft,  for  example,  many  of  the  functions  concerned  with  the  direct  control  of  the 
aircraft  and  its  subsystems  have  been  allocated  to  the  microprocessor  due  to  its  extensive 
information  processing  capabilities.  The  pilot,  therefore,  has  become  more  of  a  manager 
of  this  computerized  system,  rather  than  a  direct  controller  of  the  aircraft. 
Correspondingly,  the  pilot -aircraft  interface  has  been  designed  to  support  the  pilot's  role 
as  a  manager.  Hence,  this  complex  of  equipment  can  be  referred  to  as  an  ‘integrated 
flight  management  system.' 

When  first  considered,  the  development  of  flight  management  systems  and  the  use  of 
complex  system  analytic  techniques  to  design  these  systems  may  seem  excessive  with 
respect  to  general  aviation  resources  and  needs.  However,  the  truly  revolutionary 
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capabilities  of  the  microprocessor  and  associated  display  and  control  technologies  necessi¬ 
tate  that  revolutionary  approaches  be  taken  to  exploit  their  potentials.  These  technologies 
do  not  simply  represent  opportunities  for  new  independent  displays  and  controls;  they  offer 
the  capability  to  reshape  the  entire  pilot -aircraft  interface  to  optimize  pilot  performance. 

Such  a  complete  reshaping  will  not  occur  within  the  next  few  years;  nor  will  it  occur  all 
at  one  time.  Rather,  the  present  interfaces  will  slowly  evolve  into  new  configurations. 
Such  change  should  not  occur,  however,  without  a  specific  set  of  goals.  Systematic  human 
factors  guidance  is  needed  to  assure  that  the  capabilities  of  the  new  technologies  and  of 
the  pilot  are  driving  factors  in  the  design  of  future  pilot -aircraft  interfaces. 

Such  guidance  has  been  provided  in  military  aviation  through  the  use  of  generic  models  of 
pilot -aircraft  interfaces  that  have  been  developed  utilizing  systems  design  procedures 
(Czuchry,  Engel,  Dowd,  Baran,  Dieterly,  and  Greene,  1976;  Elson,  1977;  Fink,  1978;  Greer 
and  Hanking,  1977).  These  models,  and  the  information  produced  during  their  design  (e.g., 
specification  of  functions,  tasks,  and  interface  requirements),  provide  a  comprehensive 
design  data  base  that  can  be  accessed  by  the  different  sets  of  individuals  and 
organizations  who  will  design  specific  aircraft  in  the  future. 

Programmatic  research  is  needed  that  will  develop  generic  models  of  integrated  flight 
management  systems  for  the  diverse  types  of  general  aviation  aircraft  that  will  probably 
employ  such  systems  in  the  future  (e.g.,  business  airplanes,  commuter  aircraft, 
helicopters).  Such  research  would  employ  system  design  procedures  to  determine  missions 
that  will  be  performed  by  these  systems.  On  the  basis  of  these  and  subsequent  analyses, 
requirements  for  integrated  flight  management  systems  would  be  developed.  The  products 
of  this  research  would  serve  as  a  systematic  foundation  for  subsequent  research  can  the 
design  of  future  general  aviation  displays  and  controls,  and  for  the  development  of  human 
factors  guidance  and  formal  standards  for  such  systems.  They  would  also  serve  as  a  basis 
for  future  research  on  the  design  of  other  system  components  - -e.g.,  aeronautical 
information  such  as  that  which  specifies  aircraft  operating  procedures,  pilot  training 
programs,  and  the  certificate  and  rating  structure. 
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111.  AIRPORTS 


Airports  may  be  classified  according  to  the  size  or  type  of  aircraft  they  serve,  their 
ownership,  number  of  annual  operations,  functions,  physical  layout,  facilities,  or 

administrative  organization  (Sincoff  and  Dajani,  1975).  There  are  approximately  13,000 
airports  (Smith,  1977)  in  the  United  States.  While  they  exhibit  many  differences,  one 
characteristic  that  is  common  to  all  of  them  is  that  each  of  these  airports  serves  general 
aviation  to  some  degree.  As  is  true  for  general  aviation  aircraft,  airports  have  undergone 
many  improvements  in  their  design  and  development  through  technological  advancements  that 
have  occurred  during  the  last  two  decades.  These  improvements  have  made  their  use 
easier,  safer,  and  more  efficient.  However,  as  with  aircraft,  airports  continue  to  vary 
greatly  along  a  number  of  dimensions  that  affect  pilot  performance.  For  example,  the 
location,  condition,  and  characteristics  of  runways  and  landing  aids  at  various  airports 

affect  landing  difficulty  (Bain,  1969;  Bolz  and  Eisele,  1979;  NTSB,  1973;  Trammell,  1974). 

The  importance  of  airport  development  for  community  economic  and  industrial  growth  is 
recognized  (Sincoff  and  Dajani,  1975;  Smith,  1977).  However,  as  with  any  aspect  of 

general  aviation's  utility,  realization  of  that  potential  is  related  to  pilot  performance 
capabilities.  The  purpose  of  this  chapter,  therefore,  is  to  identify  human  factors  variables 
in  the  design  of  airports  that  have  known  or  hypothesized  potential  adverse  effects  ipon 
the  performance  of  pilots  flying  into  or  out  of  those  airports.  The  following  discussion  of 
the  runway/approach  aid  element  of  airport  design  includes  issues  related  to  the  design  of 
the  runway  and  its  approach  aids. 

RUNWAYS  AND  APPROACH  AIDS  (E). 

Takeoffs,  visual  approaches,  and  landings  are  flight  phases  characterized  by  high  accident 
rates  (NTSB,  1973;  1976a).  Aspects  of  airport  design  that  contribute  to  accidents  during 
these  phases  are  conditions  that  affect  pilot  control  of  the  aircraft  while  on  the  ground, 
and  cueing  systems  that  help  the  pilot  recognize  his  flight  status  relative  to  takeoffs, 

approaches,  and  landings. 

To  some  extent,  the  nature  of  problems  in  runway  and  approach  aid  design  that  adversely 
affect  pilot  performance  is  inderstood.  In  some  instances,  however,  there  are  operational 
constraints  related  to  cost  and  other  factors  that  have  prevented  practical  solutions  to 
these  problems.  For  example,  lengthening  of  runways  and  installation  of  expensive  runway 
lighting  and  approach  aids  would  reduce  the  difficulty  of  landing  in  many  conditions  at 
some  small  airports.  Such  solutions,  however,  are  often  economically  infeasible.  For  these 
reasons  and  because  of  the  variability  in  existing  runways  and  approach  aids,  there  are 
human  factors  questions  yet  to  be  resolved,  even  though  under  ideal  conditions  some  of  the 
questions  may  not  arise. 

Two  design  issues  concern  characteristics  of  runways  (Issue  #6)  and  approach  aids  (Issue 
#7).  These  issues  are  not  completely  separable  because  runway  characteristics  also  provide 
cues  for  approach.  They  will  be  treated  separately,  however,  because  feasible  solutions  to 
each  issue  vary  with  the  typ>e  of  airport  and  resources  available. 

ISSUE  #6. -  -  RUNWAY  SURFACE,  MARKING,  AND  LIGHTING.  The  relation  of  runway 
surfaces,  markings,  and  lighting  to  landing  accidents  has  been  noted  (Trammel,  1974;  NTSB, 
1973).  Runway  surfaces  are  important  because  they  affect  the  stability  of  directional 
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control  during  ground  roll.  Irregularities  such  as  fractures,  indentations,  and  potholes  are 
significant  hazards  to  safe  and  reliable  takeoffs  and  landings  (NASA,  1978a;  1978b; 
1978c;  1978d;  1979;  Kovvalsky,  Masters,  Stone,  Babcock,  and  Rypka,  1974).  Also,  some 
surfaces  are  dangerously,  slippery  when  wet,  and  even  though  new  paving  materials  and 
friction -grooving  reduce  this  hazard  (Dosch,  1978),  the  expense  of  the  new  materials  and 
friction -grooving  has  resulted  in  limited  adoption  of  these  improvements. 

Of  perhaps  greater  concern  for  general  aviation  safety  is  the  fact  that  some  60  percent 
of  the  nation's  airports  have  unpaved  runways.  Turf  runways  are  naturally  rougher  than 

properly  paved  ones,  and  they  are  more  subject  to  sudden  deterioration.  Many  of  them  are 
unlighted  and  unmarked  (Dosch,  1979). 

It  is  primarily  because  of  the  large  number  of  turf  runways  in  use  that  runway  markings 
pose  a  problem,  even  though  much  is  known  about  types  of  markings  that  provide  reliable 
cues  to  pilots.  The  problem  is  that  marking  systems  known  to  be  adequate  involve  painted 
patterns,  and  a  surface  must  be  available  that  can  be  painted.  Any  alternative  system  for 
use  with  turf  runways  must  provide  the  information  and  cues  needed  to  enable  pilots  to 
identify  the  correct  turf  runway  and  acquire  a  touchdown  point. 

Considerable  effort  has  gone  into  identifying  types,  sizes,  and  shapes  of  objects,  and 

colors  to  paint  them,  that  can  be  arranged  on  turf  to  substitute  for  the  conventional 

markings  on  pavement.  Guidance  for  airport  identification,  circling  guidance,  final 
approach,  taxiing,  etc.,  may  have  been  defined  (Dosch,  1978).  However,  there  is  still  a 
need  for  empirical  data  to  verify  the  adequacy  of  newly  developed  low-cost  systems  for 
general  use  in  marking  turf  airports.  Also  of  concern  is  the  large  number  of  inadequately 
marked  paved  runways  that  have  been  reported,  as  well  as  variability  in  runway  marking 
across  airports  (NASA,  1978a;  1978b;  1978c;  1978d;  1979). 

Problems  with  runway  lighting  for  turf  (and  in  this  case  many  paved)  runways  closely 

parallel  those  of  marking.  Generally,  airports  that  cannot  afford  paved  runways  cannot 
bear  the  expense  of  acquiring  and  maintaining  state-of-the-art  lighting  either.  The  task 
is  to  develop  lighting  systems  that  fulfill  pilots'  perceptual  needs  but  that,  as  with 
marking,  do  not  require  sizable  capital  investments  or  maintenance  expenditures. 

The  minimum  needs  for  lighting  are  clearly  identifiable  references  for  taxiing,  for  lateral 
and  vertical  control  during  takeoffs  and  landings,  and  for  touchdown  points  (NASA,  1978a; 
1979;  Kowalsky,  Masters,  Stone,  Babcock,  and  Rypka,  1974).  Difficulties  in  designing 
lighting  systems  derive  from  glare  and  the  absence  of  contextual  depth  cues.  The  lights 
must  not  blind  the  pilot,  and,  more  or  less  by  themselves,  they  must  provide  the  depth 
cues  needed  for  accurate  judgments  of  aircraft  status  relative  to  the  runway  (Roscoe, 
1979). 

The  study  of  marking  systems  for  turf  airports  referenced  above  (Dosch,  1978)  included 
development  of  a  lighting  system  that  may  satisfy  at  least  minimum  requirements.  As  with 
marking,  however,  empirical  verification  of  the  adequacy  of  the  system  for  general  use  is 
needed. 

In  view  of  the  considerable  work  that  has  already  been  done  regarding  runway  surfaces, 
markings,  and  lighting,  the  human  factors  problems  that  remain  concern  mostly  adaptations 
of,  or  substitutions  for,  state-of-the-art  accomplishments  for  the  numerous  airports 
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without  paved  runways  and  many  other  small  facilities  that  cannot  afford  to  acquire  and 
maintain  the  technology  available.  As  for  turf  surfaces  per  se,  it  is  not  known  how 
varying  textures  of  turf,  weight  and  takeoff/landing  speeds  of  aircraft,  and  control 
characteristics  of  aircraft  interact  to  present  control  problems  to  pilots.  If  the  nature  of 
these  interactions  were  known,  limits  for  safe  aircraft  operation  could  be  derived  for 
combinations  of  these  factors. 

The  problems  of  marking  and  lighting  for  turf  and  other  small  airports  may  be  partially 
solved.  However,  tests  of  prototype  systems  have  apparently  been  restricted  to  a  single 
location.  It  has  not  yet  been  determined  whether  the  systems  are  adequate  for  the  range 
of  general  aviation  pilots,  missions,  and  aircraft. 

The  development  of  applicable  human  factors  standards  and  guidelines  related  to  these 
airport  design  issues  depends  on  the  availability  of  research  data. 

ISSUE  ft  7. --APPROACH  AIDS.  The  purpose  of  approach  aids  is  to  provide  information  and 
cues  during  landing  that  enable  the  pilot  to  maintain  a  precise  glideslope  and  proper 
closure  rate.  State-of-the-art  approach  aids  such  as  the  Visual  Approach  Slope  Indicators 
(VASI),  Instrument  and  Microwave  Landing  Systems  (ILS  and  MLS),  and  Runway  End 
Identifier  Lights  (REIL)  can  generally  be  adequate  for  these  purposes.  Information 
regarding  wind  source  and  sudden  variations  in  wind  can  also  be  provided  with  precision. 

For  general  aviation,  the  problem  with  approach  aids  is  largely  the  lack  of  availability  of 
the  above  systems  at  many  of  the  airports.  Increased  installations  are  anticipated, 
especially  for  ILS  and  MLS  (Scheftel,  1979)  at  higher  density  airports.  But,  even  so,  the 
MLS,  which  is  more  accurate  and  more  resistant  to  interference  than  ILS,  and  which 
permits  curved  approaches,  will  be  installed  at  fewer  than  10  percent  of  the  nation’s 
airports  by  1982  (Sincoff  and  Dajani,  1975).  The  VASI  system  is  not  available  at  many 
airports  (and  apparently  will  not  become  so  in  the  near  future),  and  a  number  of  facilities 
do  not  have  wind  direction,  speed,  or  gust  information  (NTSB,  1973;  1976a). 

Furthermore,  questions  remain  regarding  optimum  configurations  of  VASI.  Variables  such  as 
form,  location,  range,  signal  characteristics,  and  display  pattern  have  been  shown  to  affect 
pilot  proficiency  in  acquiring  and  maintaining  proper  glide  slope  (Mertens,  1978;  Lewis  and 
Mertens,  1978;  Dosch,  1979;  Lintern,  1979).  In  some  cases,  the  findings  introduced 
additional  human  factors  complications.  For  example,  Lewis  and  Mertens  (1978)  found  that 
a  VASI  configuration  that  yielded  greater  precision  in  glideslop>e  information  than  usually 
provided  by  conventional  configurations  also  made  greater  informat  ion  processing  demands 
on  pilots.  As  stated  in  Chapter  II,  providing  the  pilot  with  more  information  does  not 
necessarily  improve  performance  unless  the  pilot  knows  how  and  when  to  use  the  additional 
information. 

Questions  remain  even  regarding  optimum  ways  to  identify  obstacles  near  the  approach 
path.  This  is  clearly  a  matter  of  perceptibility  and  interpretability  of  the  markings  on 
obstacles  (Van  Cott  and  Kincade,  1972).  While  recommendations  for  markings  have  recently 
been  made  (Dosch,  1978),  it  is  not  known,  for  example,  whether  they  are  adequate  during 
nonprecision  IFR  approaches  which  are  common  at  most  smaller  airports. 

As  with  runways,  state-of-the-art  technology  regarding  approach  aids  appears  sufficient 
for  most  present  purposes.  Whether  it  will  be  adequate  as  airport  traffic  increases  is 
another  matter,  however.  The  difficulty  is  mostly  lack  of  approach  aid  availability  at  a 


large  number  of  airports.  It  is  therefore  necessary  to  provide  alternative  cueing  systems 
that  smaller  facilities  can  and  will  procure.  Runway  markings,  discussed  earlier,  can 
provide  the  necessary  cueing  inder  many  conditions,  but  their  value  varies  with  clarity  of 
the  visual  scene.  Furthermore,  the  efficiency  of  use  of  information  provided  by  approach 
aids  depends  on  the  precision  inherent  in  the  cueing  and  the  pilot's  ability  to  interpret  the 
information  precisely.  If  too  much  attention  and  effort  are  required,  other  aspects  of 
task  performance  may  be  slighted  to  the  extent  that  flight  safety  is  jeopardized. 

These  points  are  only  examples  of  the  uncertainties  still  surrounding  use  of  approach  aids 
and  alternatives  for  state-of-the-art  systems.  Additional  specific  questions  cannot  be 
raised  at  this  time  because  research  up  to  now  has  not  been  sufficient  to  pinpoint  design 
issues  that  affect  pilot  performance.  Hence,  future  research  should  be  concerned  as  much 
with  defining  critical  questions  concerning  these  issues  as  with  answering  existing  ones. 


38 


IV.  AERONAUTICAL  INFORMATION 


General  aviation  pilots  employ  a  variety  of  information,  in  addition  to  that  available  from 
aircraft  displays,  in  the  preparation  for  and  conduct  of  their  flights.  A  portion  of  this 
information  is  published  in  various  written  documents  concerned  with  (1)  operation  of  the 
aircraft  (e.g.,  normal  operating  procedures),  and  (2)  utilization  of  the  national  airspace 
system  (e.g.,  instrument  flight  procedures).  The  other  principal  aeronautical  information 
source  is  the  real-time  communications  with  various  FAA  agencies.  Such  information  is 
vital  to  a  variety  of  flight  planning  and  coordination  functions  (e.g.,  weather  information, 
ATC  clearances).^ 

The  content  and  format  of  this  information  are  considered  here  because  they  are  operant 
factors  in  determining  the  nature  of  the  task  demands  faced  by  general  aviation  pilots. 
Some  of  the  information,  for  example,  is  in  the  form  of  directly  prescriptive  procedures 
that  the  pilot  should  follow.  Such  procedures  may  vary  with  respect  to  (1)  the  demands 
they  impose  upon  the  pilot's  information  processing  capabilities,  (2)  their  adequacy  in 
guarding  against  pilot  errors,  and  (3)  the  margin  of  safety  they  provide  with  respect  to 
unforeseen  problems.  Simply  put,  some  procedures  can  be  less  demanding  and  safer  than 
other  procedures  designed  for  the  same  task. 

Other  aspects  of  the  information  used  by  the  pilot  may  involve  data  which  the  pilot 
employs  as  input  for  making  decisions.  In  such  cases,  the  adequacy  of  the  data  with 
respect  to  the  pilot's  needs  can  influence  the  decisions  he  makes  and,  thus,  performance 
resulting  from  those  decisions.  Moreover,  the  way  in  which  this  information  is  presented 
can  influence  the  pilot's  ability  to  interpret  it  correctly  and  efficiently. 

Aeronautical  information  should  be  designed  to  match  the  requirements  of  pilots  for  the 
information,  and  their  ability  to  interpret  and  utilize  it.  The  human  factors  issues 
associated  with  the  design  of  this  information  relate  to  its  content,  means  of  delivery,  and 
format.  To  structure  their  review,  the  issues  for  this  component  have  been  grouped  into 
three  major  design  elements,  as  follows: 

(1)  documented  information  concerned  with  operation  of  the  aircraft, 

(2)  documented  information  concerned  with  use  of  the  national  airspace  system,  and 

(3)  information  exchanged  in  real-time  between  pilots  and  FAA  agencies  (i.e.,  tower 
and  en  route  control  centers,  flight  service  stations). 


In  a  less  formal  or  structured  way,  the  pilot  also  receives  third-party  information 
by  way  of  his  'party -line'  listening  to  communications  involving  other  aircraft  and  ground 
agencies.  Certain  design  manipulations  of  aspects  of  such  party -line  communication  are 
possible,  but  they  are  not  considered  here.  For  example,  studies  have  been  conducted  in 
Canada  relating  to  the  party -line  losses  or  gains  in  information  by  third-party  pilots  as  a 
function  of  whether  such  communications  are  monolingual  or  bilingual. 
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INFORMATION  CONCFRNING  OPERATION  OF  THE  AIRCRAFT  (E) 


Information  concerning  operation  of  the  aircraft  and  its  various  optional  subsystems  (e.g., 
navigation  and  communications  equipment)  is  generated  in  a  nixnber  of  ways.  Design  and 
flight  test  data,  for  example,  are  employed  to  determine  aircraft  performance  capabilities 
and  limitations.  Moreover,  such  data  are  used  to  identify  methods  of  operation  that 
maximize  mission  efficiency  and  provide  sufficient  margins  of  safety,  while  minimizing  fuel 
consumption  and  wear  on  the  aircraft.  Similarly,  subsystem  design  and  test  data  are  used 
to  determine  capabilities  and  limitations,  as  well  as  to  identify  or  develop  methods  of 
operation  that  maximize  those  capabilities  and  minimize  the  limitations.  Additional 

information  concerning  the  operation  of  specific  aircraft  and  subsystems  accumulates  over 
time  as  experience  is  gained  with  their  use  in  a  variety  of  different  contexts.  Such 

aircraft-  and  subsystem -specific  information  is  supplemented  further  through  the  judicious 
extrapolation  of  information  generated  for  other  similar  aircraft  and  subsystems. 

Thus,  a  considerable  amount  of  informat  bn  is  available  that  is  employed  to  guide  or  aid 
pilots  in  the  operation  of  their  aircraft.  While  use  of  some  of  this  information  may  be  at 
the  pilots  option,  much  of  it  is  directive  in  nature  and,  thus,  plays  a  major  role  in 

defining  pilot  task  demands.  Such  information  can  be  classified  into  tw>  basic  categories: 
(1)  normal  and  emergency  operating  procedures;  and  (2)  descriptions  of  aircraft  and 
subsystems  performance. 

Normal  operating  procedures  are  specified  for  a  number  of  the  tasks  that  the  pilot 

performs  routinely,  such  as  takeoffs,  landings,  and  operation  of  navigation  systems. 

Additbnally,  emergency  procedures  are  specified  to  direct  the  pilot  in  coping  with 
equipment  malfunctions  and  other  disruptive  events.  Specifications  of  these  procedures 

serve  as  (1)  pilot  aids  that  can  be  consulted  each  time  a  task  is  performed,  and  (2)  input 
for  the  determination  of  pilot  training  requirements.  The  content  of  procedures  for  a 

given  task  influences  the  manner  and  adequacy  with  which  both  these  functions  are  served. 
Thus,  if  pilot  capabilities  are  not  considered  in  the  design  of  procedures,  pilot  performance 
problems  may  occur  as  a  result  of  their  use. 

Not  every  action  of  the  pilot  can,  or  should,  be  guided  by  procedures.  Indeed,  the 

majority  of  pilot  actions  depend  on  real-time  decisions  made  without  specific  procedural 
guidance.  To  make  these  decisions,  however,  pilots  need  accurate  data  concerning  what 
their  aircraft  and  its  subsystems  can  and  cannot  do.  Thus,  general  aviation  pilots  should 
be  provided  with  all  relevant  data  concerning  the  performance  capabilities  and  limitatbns 
of  the  aircraft  and  its  subsystems. 

Four  major  human  factors  issues  (Issues  #8  -  #11)  were  identified  that  are  associated 
with  the  specification  of  information  concerning  operation  of  the  aircraft:  (#8)  identi¬ 
fication  of  requirements  for  normal  and  emergency  procedures;  (#9)  determination  of 
methods  for  disseminating  informatbn  describing  procedures;  (#10)  determination  of 
requirements  for  aircraft  and  subsystem  performance  data;  and  (#11)  specification  of 
formats  for  presenting  such  data  to  pilots. 

ISSUE  #8.- -AIRCRAFT  OPERATING  PROCEDURES.  The  principal  sources  of  information 
concerning  aircraft  operating  procedures  are  the  pilot  handbooks  that  are  produced  for 
each  make  and  model  aircraft  by  the  manufacturer  of  the  aircraft.  In  recent  years,  some 
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of  the  procedures  presented  in  these  handbooks  have  been  criticized  in  a  number  of 

accident  analysis  reports  as  being  incomplete,  inappropriate,  unclear,  lacking  in  detail,  or 
difficult  to  use  (NTS8,  1967;  1969;  1971a;  1972b;  1975b).  In  response  to  these 

criticisms,  the  General  Aviation  Manufacturers  Association  developed  specifications  for  pilot 
operating  handbooks  that  were  intended  to  improve  the  way  in  which  procedures  were 

specified  (General  Aviation  Manufacturers  Association,  197  5).  Recent  informal  reviews  of 
handbooks  designed  to  meet  these  specifications  have  concluded  that  they  are  much 
improved  (NTSB,  1979b;  Lawton  and  Livack,  1979).  No  systematic,  empirical  assessments 
have  been  made,  however,  of  the  effects  or  pilot  performance  of  the  procedures  specified 
in  current  handbooks  or  of  those  specified  in  various  other  sources.  Given  the  importance 
of  these  procedures  and  their  previous  attribution  as  potential  factors  in  pilot  performance 
problems,  it  would  appear  that  such  an  evaluation  is  needed. 

In  addition  to  information  needed  to  assess  the  adequacy  of  procedures  as  currently 
specified,  there  is  also  a  need  to  identify  requirements  for  procedures  for  the  use  of  new 
equipment  being  introduced  into  the  general  aviation  fleet.  An  illustration  of  the 

criticality  of  this  need  is  furnished  in  the  results  of  research  on  different  procedures  for 
using  area  navigation  systems  (Eldredge,  Goldberg,  and  Crimbring,  1978;  )ensen  and  Roscoe, 
1974).  These  results  indicate  that  the  type  of  procedures  employed  to  direct  operation  of 
area  navigation  systems  can  influence  the  workload  of  pilots  and,  consequently,  their  ability 
to  prevent  navigational  errors.  Thus,  requirements  for  procedures  will  increase  as  aircraft 
complexity  increases. 

Not  much  is  known,  however,  concerning  the  manner  in  which  different  aspects  of  such 
procedures  affect  general  aviation  pilot  performance.  Indeed,  procedures  can  be  considered 
to  be  one  of  the  'gray  areas’  of  aviation  safety  (Hurst,  1976).  Research  is  needed  that 
will  aid  in  the  development  of  requirements  for  the  specification  of  normal  and  emergency 
operating  procedures.  Emphasis  should  be  placed  on  the  analysis  of  pilot  information  needs 
with  respect  to  the  operation  of  new  equipment  being  introduced  into  the  general  aviation 
fleet.  Additionally,  the  results  of  recent  investigations  in  military  aviation  and  air  carrier 
contexts  have  highlighted  the  need  for  research  to  aid  in  the  development  of  improved 
emergency  and  crew  coordination  procedures  (Kowalsky,  Masters,  Stone,  Babcock,  and  Rypka, 
1974;  Lucaccini,  1978;  NTSB,  1976;  Smith,  1979).  In  view  of  the  increasing  numbers  of 
crewed  aircraft  in  general  aviation,  research  on  procedures  for  use  in  general  aviation 
should  also  focus  on  these  topics. 

ISSUE  ff9.- -DISSEMINATION  OF  AIRCRAFT  AND  SUBSYSTEM  OPERATING  PROCEDURES 
INFORMATION.  Aircraft  and  subsystem  operating  procedures  are  available  to  the  pilot 
from  a  variety  of  sources  other  than  pilot  handbooks.  Procedures  specific  to  a  given  air¬ 
craft  and  its  subsystems  are  specified  in  a  variety  of  other  manuals,  bulletins,  placards, 
and  other  such  publications  produced  by  the  aircraft  and  subsystem  manufacturers. 
Additional  information  concerning  procedures  common  to  all  aircraft  or  common  to  all 
aircraft  of  a  given  kind  can  be  found  in  a  number  of  government  publications,  as  well  as 
in  books,  magazines,  and  other  aviation  literature  available  to  the  general  aviation  pilot. 

Some  of  the  information  concerning  procedures  is  provided  in  the  form  of  job  aids  designed 
to  be  consulted  regularly  by  pilots  as  they  perform  their  tasks.  Other  information  is 
presented  in  material  designed  to  support  general  pilot  training.  Questions  arise  as  to 
which  procedures  should  be  specified  in  job  aids  and  their  format.  As  aircraft  become 
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more  complex,  requirements  for  procedures  increase.  Oie  has  only  to  look  at  the 
voluminous  operating  manuals  utilized  in  military  and  commercial  aviation  to  confirm  the 
potential  magnitude  of  this  problem.  The  sheer  size  and  bulk  of  these  manuals  present 
substantial  problems,  not  to  mention  the  more  complex  questions  of  determining  what  should 
go  into  these  manuals,  how  they  should  be  organized,  and  the  preferred  format  for 
presenting  information  (Smith,  1979). 

Ample  guidance  exists  for  (1)  conducting  tradeoff  analyses  between  training  requirements 
and  requirements  for  the  content  of  job  aids,  and  (2)  the  design  of  job  aids  (Foley,  1979; 
Booher,  1978).  Further  research  is  needed,  though,  that  will  adapt  this  guidance  to 
requirements  and  constraints  existing  in  general  aviation,  and  that  will  provide  means  to 
implement  such  guidance  to  the  development  and  evaluation  of  job  aids  for  general  aviation 
pilots. 

ISSUE  #10.  - -AIRCRAFT  AND  SUBSYSTEM  PERFORMANCE  DATA.  Pilot  handbooks  have  been 

criticized  in  the  past  with  respect  to  the  adequacy  with  which  they  have  presented 

performance  data  related  to  the  aircraft  and  its  subsystems  (Aarons,  1973;  Ellis  and 
Steinberger,  1977;  NTSB,  1967;  1972e;  1973;  1979b;  Trammel,  1974).  Such  criticisms 
concerned  (1)  the  lack  of  aircraft  performance  data  critical  to  the  conduct  of  safe  flight 
and  to  the  avoidance  of  flight  hazards,  (2)  the  lack  of  data  or  correction  factors 
describing  the  effects  of  different  conditions  (e.g.,  different  runway  surfaces  or  load 
conditions)  on  aircraft  and  subsystem  performance,  and  (3)  the  inclusion  of  performance 
data  that  were  misleading  to  the  average  general  aviation  pilot.  The  latter  criticism  stems 
from  the  fact  that  such  data  usually  are  calculated  using  test  pilots  who  are  able  to 
attain  maximum  performance  from  the  aircraft  that  may  be  beyond  the  capabilities  of  the 
typical  general  aviation  pilot.  The  General  Aviation  Manfacturers  Association  specifications 
for  pilot  operating  handbooks  addiessed  these  criticisms  (General  Aviation  Manufacturers 
Association,  1975),  but  as  with  procedural  information,  the  adequacy  with  which 
performance  and  limitations  data  are  currently  presented  and  the  effects  of  such  data 
presentations  on  pilot  performance  have  not  beer,  systematically  and  empirically  assessed. 

lust  as  with  procedural  information,  the  need  for  aircrati  and  subsystem  performance  data 

will  increase  as  general  aviation  aircraft  become  more  complex.  Indeed,  much  of  this  new 

equipment  will  be  quite  foreign  to  most  general  aviation  pilots.  Furthermore,  given  the 
present  lack  of  specifications  for  standardizing  many  aspects  of  such  equipment,  there  will 
probably  be  substantial  differences  in  performance  capabiliites  between  makes  and  models 
of  equipment  designed  to  accomplish  similar  functions.  The  efficient  and  safe  use  of  this 
varied  equipment  will  depend  in  large  part  on  the  quality  of  information  provided  to  the 
pilots.  A  particularly  important  concern  is  that  new  equipment  should  not  be  exploited  to 
increase  mission  efficiency  at  the  expense  of  increasing  the  risk  of  accidents. 

Research  is  needed  to  determine  requirements  for  aircraft  and  subsystem  performance  data. 
Emphasis  should  be  placed  on  the  determination  of  requirements  related  to  the  operation  of 
advanced  equipment. 

ISSUE  #11.-  -FORMATS  FOR  AIRCRAFT  AND  SUBSYSTEM  PERFORMANCE  DATA.  In  addition 
to  past  criticisms  of  the  content  of  performance  data  in  pilot  handbooks,  other  problems 
were  identified  concerning  the  format  in  which  those  data  were  presented  (NTSB  1967; 
1979b). 
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These  problems  included,  for  example,  the  presentation  of  data  in  charts  and  tables  that 
were  difficult  to  interpret.  The  instructions  for  use  of  the  charts  and  tables  were,  at 
times,  complicated  and  difficult  to  understand.  Further,  data  were  often  specified  in 
dimensions  more  useful  to  engineers  than  to  pilots.  Such  problems  can  confuse  and 
frustrate  the  pilot  and  increase  the  likelihood  of  his  making  errors  in  interpreting  such 
data.  As  a  result,  pilots  may  initiate  actions  that  exceed  the  capabilities  of  their 
aircraft.  Thus,  the  format  for  such  information  can  have  definite  consequences  for  flight 
safety. 

Already  accomplished  research  on  job  aids  (Booher,  1978)  provides  substantial  guidance  for 
the  development  of  adequate  formats  for  the  presentation  of  data  describing  aircraft  and 
subsystem  performance  capabilities.  Research  is  needed,  however,  to  determine  how  this 
guidance  can  be  employed  in  the  general  aviation  context. 

INFORMATION  CONCERNING  USE  OF  THE  NATIONAL  AIRSPACE  SYSTEM  (E). 

The  FAA  is  responsible  for  assuring  the  safety  and  efficiency  of  the  nation’s  airspace.  As 
part  of  the  activities  performed  to  carry  out  this  responsibility,  the  FAA  specifies 
regulations  for  use  of  the  airspace  and  operates  an  extensive  system  of  air  traffic  control 
(ATC)  and  navigation  facilities.  These  activities  are  designed  to  respond  to  a  number  of 
objectives,  chief  among  which  are  (1)  meeting  requirements  for  the  safety  of  civil 
aviation,  (2)  meeting  the  growing  demands  for  use  of  air  routes  and  terminals,  (3) 
increasing  the  productivity  of  the  ATC  system  to  keep  down  operating  costs  as  it  continues 
to  grow,  (4)  protecting  the  environment,  and  (5)  conserving  energy  consumed  by  civil 
aviation  (FAA,  1975).  Because  of  their  importance,  these  activities  have  been  the  subject 
of  extensive  research  (see  reviews  in  Albrecht,  1980;  FAA,  1978;  and  Poritzky,  1977). 
With  respect  to  the  objectives  of  this  report,  however,  only  the  aspects  of  these  activities 
that  impact  on  the  performance  of  the  general  aviation  pilot  are  of  interest. 

General  aviation  pilots  interact  with  such  activities  in  two  major  ways.  First,  the  pilots 
are  responsible  for  interpreting  and  adhering  to  regulations  and  other  docimental 
information  prescribing  rules  for  use  of  the  nation's  airspace.  They  also  communicate  with 
ATC  facilities  to  aid  in  the  planning,  conduct  and  coordination  of  their  flights.  In  this 
section,  three  human  factors  issues  (Issues  #12  -  #14)  impacting  on  the  use  of  docu¬ 
mented  information  concerning  use  of  the  National  Airspace  System  are  identified:  (#12) 
assessment  of  the  impact  of  different  airspace  assignments  on  pilot  performance;  (#13) 
determination  of  minimum  visibility  requirements  for  flight  under  visual  flight  rules1  in 
uncontrolled  and  controlled  airspace;  and  (#14)  development  of  guidance  for  the  design  of 
instrument  flight  procedures  that  are  optimized  in  terms  of  their  effects  on  pilot 
perfo  rmance. 


All  flights  are  conducted  uider  either  visual  flight  rules  (VFR)  or  instriment  flight 
rules  (IFR)  (FAR  91).  While  a  number  of  distinctions  exist  between  visual  and  instrument 
flight  rules,  for  purposes  of  the  present  discussion  the  major  differences  are  (1)  VFR 
flight  may  be  conducted  without  the  need  for  coordination  by  ATC  agencies,  except  in 
certain  types  of  controlled  airspace;  and  (2)  IFR  flights,  which  are  coordinated  and 
monitored  by  ATC  agencies,  may  fly  in  instrument  meteorological  conditions  with  limited  or 
no  visibility,  while  VFR  flights  have  minimum  visibility  and  cloud  clearance  standards. 
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ISSUE  #12.-  -  IMPACT  OF  DIFFERENT  AIRSPACE  ASSIGNMENTS  ON  PILOT  PERFORMANCE. 
To  assure  the  safety  and  efficiency  of  flight,  the  national  airspace  is  divided  into  uicon  - 
trolled  and  controlled  segments.  Only  a  few  restrictions  are  placed  ipon  pilots  operating 
under  visual  flight  rules  with  respect  to  the  use  of  uncontrolled  airspace  - -e.g.,  minimum 
visibility  and  cloud  clearance  requirements  to  assure  that  pilots  operating  within 
uncontrolled  airspace  are  able  to  see  and  avoid  other  aircraft. 

Other  segments  of  the  airspace  are  designated  as  a  variety  of  different  types  of  controlled 
airspace  - -i.e.,  continental  control  area,  control  area,  control  zones,  terminal  control  areas, 
and  transition  areas.  When  so  designated,  the  airspace  is  supported  by  ATC  facilities,  and 
additional  restrictions  are  placed  upon  some  or  all  of  the  aircraft  operating  in  this 
airspace  to  assure  safe  operations.  Controlled  airspace  segments,  particularly  control 
areas  associated  with  certain  heavily  used  airports,  are  specified  when  the  FAA  believes 
that  positive  control  of  aircraft  by  ATC  facilities  is  necessary  to  assure  adequate 
separation  betvveen  aircraft  and/or  to  enable  more  efficient  use  of  the  airspace. 

Airspace  allocation  decisions  are  often  controversial,  particularly  when  they  pertain  to  the 
establishment  of  terminal  control  areas  (TCAs)  {NASA,  1977b).  The  designation  of  such 
controlled  airspace  in  terminal  areas  with  dense  traffic  is  usually  favored  by  air  carrier 
pilots  who  feel  that  the  high  workload  requirements  and  high  speeds  of  their  aircraft 
restrict  their  ability  to  see  and  avoid  other  aircraft,  especially  smaller,  slower  aircraft. 
TCAs  are  also  usually  favored  by  air  traffic  controllers  who  are  responsible  for  terminal 
radar  operations.  They  feel  that  they  cannot  cope  safely  with  large  nimbers  of  high  sp>eed 
aircraft  in  combination  with  slower  aircraft  not  under  their  control.  Many  general  aviation 
pilots,  however,  find  mandatory  traffic  control  awkward  and  time  consuming.  Indeed,  some 
feel  that  the  extra  workload  required  for  operations  in  many  controlled  areas  detracts 

from  their  ability  to  carry  out  other  actions  required  for  safe  flight  (Wiener,  1979). 
Increased  impetus  to  the  demands  for  increased  restrictions  on  airspace  utilization  result 
when  a  general  aviation  aircraft  collides  with  an  air  carrier  aircraft,  regardless  of  the 
cause  of  the  accident  (Wiener,  1979). 

The  controversy  over  TCAs,  as  well  as  the  other  forms  of  controlled  airspace,  can  be 
exprected  to  expand  in  future  years  as  the  volume  of  air  traffic  increases.  Moreover, 

changes  in  general  aviation  missions  and  aircraft,  as  well  as  in  air  traffic  control  systems, 

will  create  new  demands  for  airspace  utilization.  For  example,  optimization  of  the  use  of 

civil  helicopters  will  require  changes  hi  the  design  of  route  structures  and  other  types  of 

controlled  airspaces  (FAA,  1978;  1979).  Similarly,  optimization  of  the  use  of  area 

navigation  systems  will  improse  new  demands  for  the  allocation  and  design  of  airspace  to 
assure  effective  margins  of  safety  (Edmonds,  Pursel  and  Gallagher,  1977;  Jensen  and 

Roscoe,  1974).  The  same  will  be  true  of  other  advanced  aircraft  systems. 

Present  and  future  demands  for  airspace  allocation  require  that  a  number  of  decisions  be 
made.  The  need  for  controlled  airspace  must  first  be  clarified.  Given  this  clarification, 
the  actual  configuration  of  the  controlled  airspace  must  then  be  designed.  The 
configuration  is  driven  by  a  number  of  factors  - -e.g.,  the  number  and  typte  of  airpjorts 

located  in  close  geographic  proximity,  the  number  and  type  of  aircraft  that  will  be 
utilizing  the  airspace,  the  terrain  and  communities  beneath  the  area  (NASA,  1977b).  The 
performance  of  general  aviation  pilots  must,  however,  also  be  considered  in  the  design  of 
airspace  segments.  The  design  of  the  airspace  can  influence  the  performance  of  general 
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aviation  pilots  in  several  ways-  The  complexity  of  the  configuration  of  the  airspace,  for 
example,  in  combination  with  the  equipment  on  a  particular  aircraft,  determines  the  tasks 
the  pilot  must  perform  to  identify  boundaries  of  the  airspace.  Additionally,  the  size  of  an 
airspace,  particularly  air  corridors,  determines  demands  on  the  pilot  for  precision  of 
navigation.  Most  importantly,  the  very  existence  of  controlled  airspace  greatly  changes 
task  demands  for  general  aviation  pilots  by  increasing  requirements  for  certain  navigation 
and  communication  tasks. 

To  assure  that  factors  governing  pilot  performance  are  adequately  considered  in  the  design 
of  controlled  airspace,  programmatic  research  is  needed  that  will  furnish  a  systematic 
method  of  analyzing  and  empirically  evaluating  the  impact  of  different  aspects  of  the 
design  of  controlled  airspace  on  the  performance  of  general  aviation  pilots.  To  be 
efficient,  such  research  should  be  integrated  with  other  efforts  designed  to  address 

airspace  allocation  issues  from  other  viewpoints  - -e.g.,  their  impact  on  the  proficiency  and 
productivity  of  controller  performance. 

ISSUE  #13.-  -MINIMUM  VISIBILITY  AND  CLOUD  CLEARANCE  STANDARDS  FOR  VFR  FLIGHT. 
Operations  within  controlled  or  uncontrolled  airspace  utilizing  visual  flight  rules  require 
that  the  pilot  be  able  to  see  and  avoid  other  aircraft,  and  navigate  safely  with  respect  to 
high  obstacles  and  other  terrain  features.  Visibility  from  the  cockpit  is,  in  part, 

determined  by  the  design  of  the  aircraft.  Visibility  is  also  influenced  by  atmospheric 
conditions  such  as  fog,  haze,  clouds,  and  smoke.  Federal  Aviation  Regulations  (FAR 
91.105)  specify  minimum  visibility  and  cloud  clearance  standards  for  VFR  flight  in 
controlled  and  uncontrolled  airspace.  These  standards  tend  to  be  more  restrictive  for 

controlled  than  for  uncontrolled  airspace  due  to  the  increased  probability  of  mixed  VFR  and 
IFR  flights. 

The  adequacy  of  these  standards  at  present  has  been  questioned  with  respect  to  the 

margins  of  safety  provided  for  the  detection  of  and  reaction  to  threats  of  midair 
collisions.  These  questions  have  arisen  due  to  concern  over  the  trend  toward  increased 
airspeeds  and  rates  of  climbs  and  descents  of  modern  aircraft.  It  is  felt  that  as  these 
speeds  increase,  the  danger  of  midair  collisions  will  also  increase.  Moreover,  the  trend 
toward  increasing  frequency  of  IFR  flights  (Bolz  and  Eisele,  1979)  will  result  in  an  even 
greater  mix  of  IFR  aircraft  and  VFR  aircraft  in  some  airspace. 

Many  of  these  factors  were  considered  in  an  analytic  study  of  minimum  VFR  visibility  and 
cloud  clearance  standards  conducted  by  Rowland  and  Reichwein  (1971).  Based  on  the 
results  of  that  study,  several  recommendations  were  made  for  changes  in  such  standards. 
Some  of  the  recommended  changes  concerned  requirements  for  increased  distances  from 
clouds  to  accommodate  the  greater  airspeeds  and  climb  and  descent  rates  of  modern 
aircraft.  Other  changes  represented  attempts  to  vary  the  visibility  requirements  with 
respect  to  airspeed,  allowing  faster  flight  when  visibility  is  greater. 

Advocacy  of  these  proposals  was  limited,  however,  by  certain  constraints  that  restricted  the 
confidence  that  Rowland  and  Reichwein  felt  could  be  placed  on  their  findings.  They  felt 
that  additional  work,  particularly  empirical  investigation,  was  needed  to  verify  and  extend 
the  results  of  their  analytic  study.  Such  research  should  also  systematically  investigate 
the  need  for  modifications  to  these  standards. 

ISSUE  #14.- -GUIDANCE  FOR  THE  DESIGN  OF  INSTRUMENT  FLIGHT  PROCEDURES.  When 
pilots  are  flying  trder  instrunent  flight  rules,  their  actions  with  respect  to  navigation  and 
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coordination  with  ATC  facilities  are  prescribed  by  instrument  flight  procedures.  Since 
these  procedures  and  aircraft  operating  procedures  jointly  define  task  demands,  their  design 
has  a  substantial  impact  on  pilot  performance.  While  the  specific  content  of  a  given  set 
of  instrument  flight  procedures  depends  on  factors  unique  to  a  particular  air  route  or 
terminal  area  (e.g.,  availability  of  navaids,  terrain  features,  configuration  of  runways), 
standardized  methods  for  designing  such  procedures  are  availabile  for  use  by  the  personnel 
who  have  responsibilities  for  this  function  ( FAA,  1976).  One  of  the  major  considerations 
in  the  development  of  instrument  flight  procedures  is  the  ability  of  pilots  to  perform  the 
procedures  safely  and  efficiently. 

When  instrument  flight  procedures  are  properly  followed,  they  assure  safe  and  efficient 
flight.  Such  procedures,  however,  are  often  inherently  difficult.  They  may  require  pilots 
to  timeshare  the  tracking  of  several  different  navigation  displays  with  the  performance  of 
other  activities  related  to  the  safe  and  efficient  operation  of  the  aircraft.  Moreover, 
pilots  must  periodically  communicate  with  ATC  facilities  and  consult  assorted  charts  and 
other  documents  that  provide  them  with  information  concerning  the  instrument  flight 
procedures  appropriate  for  their  flights.  The  total  demand  created  by  this  complex  of 
activities  must  be  considered  in  the  design  of  procedures.  If  not,  the  demands  imposed  on 
pilots  by  instrument  flight  procedures  may  exceed  pilot  capability  to  perform  them.  If, 
for  example,  procedures  require  pilots  to  perform  tracking  tasks  that  are  beyond  their 
capabilities,  given  their  skill  and  the  precision  of  their  navigation  systems,  then  they  may 
make  critical  flight  errors  resulting  in  excursions  from  prescribed  airspace.  Or,  if 
procedures  are  overly  complex,  pilots  may  be  distracted  from  the  performance  of  other 
activities  required  for  safe  flight,  such  as  maintenance  of  an  effective  scan  of  flight  and 
engine  instruments  and  of  the  outside  airspace.  Accidents  that  can  result  from  such 
performance  problems  are  varied.  They  include  midair  collisions,  controlled  flight  into  the 
ground,  loss  of  control  of  the  aircraft,  or  a  variety  of  approach  and  landing  mishaps. 
Several  accident  and  incident  analyses  have  attributed  some  of  these  problems  to  the  design 
of  certain  instrument  flight  procedures  (NTSB,  1969;  1973;  NASA,  1978a).  However,  such 
information  does  not  provide  an  adequate  basis  for  systematic  revision  of  instrument  flight 
procedures. 

Guidance  for  the  design  of  instrument  flight  procedures  is  also  needed  for  the  prevention 
of  possible  future  problems.  Projected  changes  in  general  aviation  aircraft  and  in  the  ATC 
system  will  have  a  dramatic  impact  on  the  nature  of  instrument  flight.  Full  exploitation 
of  area  navigation  systems,  for  example,  will  require  the  continued  analysis  of  how  these 
systems  can  be  accomodated  by  the  modification  of  current  instrument  flight  procedures 
(Adams,  1976;  Bolz  and  Eisele,  1979;  McConkey  and  Halverson,  1978;  Malo,  1977). 
Similarly,  exploitation  of  the  capabilities  of  other  advanced  airborne  equipment,  as  well  as 
new  ATC  system  equipment  to  assure  safer  and  more  efficient  IFR  flight,  will  also  depend 
on  the  modification  of  current  instrument  flight  procedures. 

Thus,  instrument  flight  procedures  will  be  undergoing  continual  modification  for  a  variety 
of  reasons.  To  aid  in  design  decisions  concerning  these  modifications,  research  is  needed 
to  generate  data  that  describe  the  irrpact  of  different  procedural  alternatives  on  pilot 
performance. 

COMMUNICATIONS  WITH  AIR  TRAFFIC  SERVICE  FACILITIES  (E). 


During  their  preparation  for  and  conduct  of  flights,  general  aviation  pilots  frequently 
communicate  with  three  major  types  of  air  traffic  service  facilities  - -Flight  Service 
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Stations,  control  towers,  and  Air  Route  Traffic  Control  Centers  (FAA,  1977a).  Flight 
Service  Stations  have  the  prime  responsibility  for  preflight  briefings  of  pilots,  enroute 
communications  with  VFK  flights,  assisting  lost  aircraft,  broadcasting  aviation  weather 
information,  accepting  and  closing  flight  plans,  operating  national  weather  teletypewriter 
systems,  and  several  other  functions  that  necessitate  their  frequent  interaction  with  general 
aviation  pilots.  Control  towers  are  tasked  with  the  responsibility  for  the  safe,  orderly, 
and  expeditious  flow  of  traffic  at  or  in  the  vicinity  of  airports,  in  addition,  airports  may 
have  responsibility  for  the  separation  of  IFR  aircraft  in  the  terminal  areas  (referred  to  as 
approach  control).  The  Air  Route  Traffic  Control  Centers  provide  air  traffic  service  to 
aircraft  operating  on  IFR  flight  plans  within  controlled  airspaces,  principally  during  the 
enroute  phase  of  flight. 

Given  the  importance  of  these  information  services  to  pilots,  their  efficiency  and  adequacy 
with  respect  to  pilot  needs  have  substantial  impact  on  pilot  tasks  and  pilot  performance. 
Two  major  human  factors  issues  were  identified  for  this  element:  (#15)  determination  of 
requirements  for  communications  between  general  aviation  pilots  and  air  traffic  control 
personnel;  and  (#16)  determination  of  requirements  for  communications  between  these  pilots 
and  flight  service  personnel. 

ISSUE  #15. --COMMUNICATIONS  BETWEEN  GENERAL  AVIATION  PILOTS  AND  AIR  TRAFFIC 
CONTROL  PERSONNEL.  Given  the  growing  size  and  complexity  of  the  National  Airspace 
System,  the  problem  of  the  ground  control  of  aircraft  is  itself  a  subject  of  extensive 
research.  (Reviews  of  such  research  and  its  projected  impact  on  general  aviation  can  be 
found  in  Albrecht,  1980;  Bolz  and  Eisele,  1979;  Del  Balzo,  1977;  and  Poritzky,  1977.) 
Indeed,  the  subject  of  human  factors  in  the  ground  control  of  aircraft  has  been  a  major 
concern  (Hopkins,  1970;  Buckley,  House,  and  Rood,  1978). 

The  major  objectives  of  research  'm  this  area  are  to  improve  aviation  safety,  increase  the 
productivity  of  air  traffic  control  systems  to  handle  more  aircraft,  and  minimize  expense 
to  the  FAA  and  to  the  users  in  traffic  movement.  With  respect  to  the  objective  of  the 
present  report,  however,  the  major  interest  in  air  traffic  control  is  with  respect  to  the 
adequacy  of  information  provided  to  general  aviation  pilots  in  meeting  their  needs. 

Several  analyses  of  aviation  accidents  and  incidents  have  identified  a  number  of  problems 
in  communications  between  air  traffic  control  personnel  and  pilots  (NASA,  1971;  1977a; 
1978a,  1978b;  Wiener,  1979).  Examples  of  such  problems  include  (1)  misunderstandings  of 
communications;  (2)  high  communications  workloads  that  distract  pilots  (and  controllers) 
from  other  tasks  necessary  for  safe  flight;  (3)  saturated  communications  channels,  due  to 
the  large  numbers  of  concurrent  users,  that  inhibit  communications;  (4)  omissions  of 
information  needed  or  expected  (whether  legitimately  or  not)  by  the  pilot;  (5)  errors  in 
the  content  of  information;  and  (6)  failure  of  pilots  to  remember  clearances  or  other 
transmissions  correctly.  These  problems  lead  not  only  to  the  occurrence  or  increased  risk 
of  midair  collisions,  but  also  to  controlled  flight  into  the  ground  or  high  obstacles,  loss  of 
control  of  aircraft,  and  landing/takeoff  accidents. 

Additional  information  concerning  pilot  and  air  traffic  control  personnel  is  derived  from 
the  results  of  research  that  has  investigated  such  problems  (Hopkins,  1970;  Loftus,  1979; 
Smith  and  Parker,  1969).  The  results  of  this  research  have  indicated  that  there  is 
substantial  room  for  improvements  that  will  reduce  communication  errors  and  workload  and 
that  will  increase  the  utility  of  the  information  that  is  transmitted. 


To  address  these  problems  and  several  other  criticisms  made  of  current  air  traffic  control 
systems  (CAO,  1979;  Richardson,  1979),  the  FAA  has  instituted  research  to  develop  new 
air  traffic  control  equipment  and  procedures.  Many  of  these  programs  will  have  a 
substantial  impact  on  the  nature  of  communications  between  general  aviation  pilots  and  air 
traffic  control  personnel,  as  well  as  on  the  nature  of  their  shared  responsibilities.  The 
implementation  of  data  link  (discussed  in  Chapter  II),  for  example,  will  greatly  change 
ground  to  air  communications.  Smith  and  Parker  (1969)  reported  research  that  showed 
that  data  link  can  improve  such  communications  (1)  by  reducing  the  need  for  oral  com¬ 
munication  (and,  hence,  reducing  pilot  workload);  (2)  by  enabling  a  greater  amount  of 
information  to  be  transmitted;  and  (3)  when  supported  by  advanced  aircraft  displays, 
enabling  weather,  traffic,  and  vectoring  information  to  be  presented  in  a  visual  format  that 
is  more  efficient  and  more  easily  interpreted  than  verbal  descriptions.  Furthermore,  the 
use  of  data  link  to  transmit  information  concerning  other  air  traffic  can  enable  the  pilot 
to  assume  greater  responsibility  for  the  separation  of  his  aircraft  from  that  traffic.  (A 
review  of  the  other  types  of  information  that  may  be  transmitted  via  data  link  can  be 
found  in  Smyth,  1979.) 

Another  change  that  will  have  a  large  influence  on  air-to-ground  comi.  jnications  is  the 
increased  automation  of  air  traffic  control  systems  (Klass,  1979;  Fbritzky,  1977).  Various 
automation  programs  have  the  potential  for  increasing  the  efficiency  and  effectiveness  of 
air  traffic  control.  However,  the  achievement  of  this  potential,  as  well  as  the  potential 
projected  for  other  ground  and  airborne  advances  in  air  traffic  control,  will  depend  on  the 
adequacy  of  transmitted  information,  both  oral  and  data  link,  with  respect  to  the  general 
aviation  pilot's  needs.  Advances,  such  as  automation,  will  result  in  even  greater  demands 
in  this  area. 

Programmatic  research  is  needed  to  determine  systematically  the  requirements  of  general 
aviation  pilots  for  information  from  towers  and  Air  Route  Traffic  Control  Centers.  This 
research  should  identify  the  information  that  (1)  pilots  want,  (2)  they  need,  (3)  they  can 
get  from  present  and  future  air  traffic  control  systems  in  different  segments  of  the 
national  airspace,  and  (4)  the  information  that  pilots  can  and  will  use,  given  their 
capabilities  and  concurrent  workload.  Emphasis  should  be  placed  in  this  research  on  the 
determination  of  information  for  IFR  and  VFR  operations  by  pilots  who  do  and  do  not  have 
airborne  equipment  (e.g.,  data  link)  for  using  new  air  traffic  control  services.  This 
investigation  will  lay  a  comprehensive  foundation  for  determining  the  type  of  information  to 
be  collected  and  processed  on  the  ground,  and  the  optimal  formats  (e.g.,  data  link  or  oral) 
for  transmitting  this  information  to  the  pilot. 

ISSUE  #16.  COMMUNICATIONS  BETWEEN  GENERAL  AVIATION  PILOTS  AND  FLIGHT  SERVICE 
STATION  PERSONNEL.  The  FAA  is  currently  revising  and  modernizing  the  Flight 

Service  Station  system.  The  goals  of  this  effort  are  to  address  problems  that  degrade  the 
effectiveness  and  efficiency  of  Flight  Service  Station  operations.  Examples  of  these 
problems  are  (1)  delays  in  services  to  pilots,  (2)  inefficient  data  management  systems,  and 
(3)  inefficient  information  dissemination  systems  that  are  labor  intensive  and  costly 
(Roche,  1977).  With  respect  to  the  objectives  of  this  report,  interest  in  Flight  Service 
Stations  and  programs  for  their  improvement  is  derived  from  concern  over  the  interchange 
of  information,  particularly  weather  information,  between  pilots  and  Flight  Service  Station 
personnel.  Weather  information  is  important  because  general  aviation  accidents  frequently 
result  from  the  flight  of  non -instrument  and  instrument -rated  pilots  into  weather 
conditions  that  create  demands  which  exceed  their  abilities.  Several  of  the  reports  that 
were  reviewed  concluded  that  weather  information  to  better  serve  the  requirements  of 
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genera!  aviation  pilots  is  needed  (Bolz  and  Eisele,  1979;  Forsyth  and  Shaughnessy,  1978; 
Goff,  1979;  NTSB,  1974b;  1976b).  Additionally,  concern  was  expressed  over  the  use  of 
technical  jargon  and  complex  weather  charts  that  might  be  confusing  to  some  general 
aviation  pilots  (NTSB,  1974b). 

One  of  the  objectives  of  the  Flight  Service  Station  modernization  program  is  to  address  the 
problem  of  providing  better  weather  data  to  general  aviation  pilots  (Sowar,  1977). 
Improvements  in  data  management  systems  will  enhance  the  quality  of  weather  information 
that  will  be  available  to  Flight  Service  Station  personnel.  Questions  arise,  however, 
concerning  the  transmission  of  this  information  to  general  aviation  pilots.  This  concern  is 
especially  acute  with  respect  to  the  use  of  automated  pilot  briefing  systems.  These 
systems  are  being  developed  to  increase  the  capacity  and  to  reduce  the  costs  associated 

with  disseminating  weather  and  other  information  to  pilots  (Pazera,  1976).  A  number  of 

interfaces  are  being  considered,  such  as  touchtone  telephones,  voice  recognition  systems 
and  telephones,  and  mini -computers  with  video  terminals. 

The  automation  of  the  interface  between  pilots  and  Flight  Service  Stations  increases  the 
need  for  precise  descriptions  of  pilot  information  requirements.  Given  the  diversity  of 
general  aviation  pilots  and  missions,  these  needs,  as  well  as  the  abilities  of  the  pilots  to 
interpret  weather  information,  are  quite  varied.  There  is  concern  that  the  automated 

systems,  as  planned,  will  not  be  able  to  serve  these  varied  needs  (GAO,  1979). 

Research  is  needed  that  will  identify  and  analyze  the  requirements  of  general  aviation 
pilots  for  information  from  Flight  Service  Stations.  As  part  of  this  research,  the  ability 
of  general  aviation  pilots  to  interpret  and  use  information  presented  in  a  range  of 

automated  formats  should  be  evaluated. 
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V.  PILOT  CERTIFICATION  AND  RATING  STRUCTURE 


Due  to  constraints  on  the  design  of  aircraft,  airports,  and  aeronautical  systems,  flying  is, 
and  will  remain  for  the  foreseeable  future,  a  demanding  job.  Thus,  pilot  performance 
problems  must  also  be  addressed  through  the  implementation  of  actions  designed  to  improve 
the  abilities  of  general  aviation  pilots  and  to  increase  their  motivation  to  perform  flight 
tasks  reliably.  in  large  military,  government,  or  industrial  systems,  the  identification  and 
performance  of  such  actions  are  frequently  the  responsibility  of  a  unified  personnel 
system.  Although  no  such  system  exists  within  general  aviation,  many  of  the  functions  that 
are  performed  by  these  systems  - -i.e.,  selection,  training,  and  proficiency  assessment  - -are 
performed  through  a  variety  of  loosely  structured,  formal  and  informal  mechanisms. 

In  the  present  framework  for  viewing  human  factors  issues  in  pilot  performance  problems, 
three  personnel  -  related  components  were  identified  (see  Figure  3)  that  accomplished  the 
above  functions  in  general  aviation.  These  components  are  (1)  the  pilot  certification  and 
rating  structure,  (2)  training  and  proficiency  assessments  conducted  for  certificates  and 
ratings,  and  (3)  continuation  training  and  recurrent  proficiency  assessments.  The  present 
chapter  reviews  issues  in  the  design  of  the  pilot  certification  and  rating  structure,  while 
the  next  two  chapters  concern  the  other  components. 

The  pilot  certification  and  rating  structure  is  the  primary  mechanism  for  matching  general 
aviation  pilots  with  task  requirements.  Four  levels  of  pilot  certification  are  specified  in 
Part  61  of  the  Federal  Aviation  Regulations.  These  are  (1)  student,  (2)  private,  (3) 
commercial,  and  (4)  airline  transport  pilot.  There  is  also  a  separate  certificate  covering 
flight  instructors. 

The  regulations  specify  that  certain  tasks  may  be  performed  only  by  pilots  holding 
particular  certificates.  They  also  specify  that  certain  other  tasks  may  be  performed  only 
by  pilots  holding  several  different  types  of  ratings,  which  may  be  placed  on  all  of  the 
above  certificates  except  for  student.  Most  of  these  ratings  pertain  to  the  type  of 
aircraft  a  pilot  may  fly,  such  as  aircraft  category  ratings  (airplanes,  rotor  craft,  glider, 
lighter-than-air),  and  airplane  class  ratings  (single -engine  land,  single -engine  sea,  multi- 
engine  land,  multi-engine  sea).  The  instrument  rating  designates  which  pilots  can  fly 
under  instriment  flight  rules.  Performance  of  tasks  not  specifically  limited  to  certain 
certificates  or  ratings  by  the  regulations  is  left  to  the  discretion  of  the  individual  pilot. 

With  respect  to  the  pilot  certification  and  rating  structure,  human  factors  issues  have 
arisen  concerning  the  following  elements:  (1)  entry  level  requirements  for  each  of  the 
certificates  and  ratings,  and  (2)  the  subset  of  tasks  that  can  be  performed  by  a  pilot 
holding  a  given  certificate  or  rating. 

ENTRY  LEVEL  REQUIREMENTS  (E). 

Federal  Aviation  Regulations  specify  different  entry  level  requirements  for  each  of  the 
certificates  and  ratings.  These  requirements  serve  as  one  selection  mechanism  for 
screening  out  individuals  who  are  not  likely  to  be  able  to  perform  competently  the  tasks 
required  by  the  certificate  or  rating.  As  with  other  Federal  Aviation  Regulations,  the 
standards  imposed  by  these  entry  level  requirements  represent  a  tradeoff  between  the  need 
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to  protect  public  safety  and  the  desire  to  prevent  undue  restriction  of  an  individual's 
freedom  to  use  public  airspace. 


Two  major  design  issues  have  been  raised  with  respect  to  entry  level  requirements:  (#17) 
determination  of  experience  requirements,  and  (#18)  determination  of  medical/ 
psychophysiological  requirements. 

ISSUE  #  17.  -  -  EXPERI ENCE  REQUIREMENTS.  Certain  certificates  and  ratings  require  a 
minimum  amount  of  flight  time  before  pilots  become  eligible  for  them.  For  example,  200 
hours  of  total  flight  time  are  required  before  a  private  pilot  may  obtain  an  instrument 
rating.  This  parti  ular  requirement  has  recently  received  considerable  attention. 
Specifically,  suggestions  have  been  made  that  the  experience  requirement  be  lowered  to 
enable  private  pilots  to  obtain  instrument  ratings  soon  after  they  finish  private  pilot 
training  or  even  in  conjunction  with  such  training  (Collins,  1980;  McCourt  and  Hewin, 
1979;  Lawton  and  Livack,  1979). 

Impetus  for  these  suggestions  is  derived  from  concern  over  the  disproportionately  high 
percentage  of  pilots  with  fewer  than  200  hours  who  crash  after  inadvertently  entering 
instrument  meteorological  conditions  where  visibility  is  reduced  and  flight  by  reference  to 
aircraft  instrument  displays  is  necessary  (NTSB,  1974b).  An  additional  concern  derives 
from  the  increases  in  the  frequency  of  general  aviation  missions  requiring  operations  under 
instrument  flight  rules.  Research  is  currently  underway  as  part  of  the  overall  program  in 
which  this  project  was  conducted  that  addresses  this  specific  question. 

Additional  research  is  needed  that  will  assess  experience  requirements  for  other 
certificates  and  ratings  (e.g.,  certificated  flight  instructor)  to  determine  their  utility  with 
respect  to  the  prevention  of  current  and  potential  future  pilot  performance  problems.  This 
research  should  also  include  the  investigation  of  alternative  methods  that  can  be  employed 
to  determine  entry  level  proficiency,  such  as  the  use  of  written  and  flight  tests  designed 
to  serve  as  screening  mechanisms  for  entry  into  training  for  the  different  certificates  and 
ratings. 

ISSUE  #18.-  -M  EPICAL/ PSYCHO  PHYSIOLOGICAL  REQUIREMENTS.  Another  form  of  entry 
level  requirement  is  the  specification  of  minimum  medical/psychophysiological  standards  for 
the  different  types  of  medical  certificates  (FAR,  Part  67)  that  must  be  obtained  by 
general  aviation  pilots.  Different  medical  certificates,  which  vary  with  respect  to  strin¬ 
gency  of  their  requirements,  are  required  for  the  various  pilot  certificates  and  ratings. 
The  medical/psychophysiological  requirements  are  designed  to  prevent  individuals  from 
attempting  to  perform  tasks  that  are  beyond  their  physical  capabilities,  and  also  to  screen 
out  individuals  who  may  become  incapacitated  during  flight.  Accidents  due  to  such 
performance  problems  are  continually  monitored  by  FAA  personnel  as  part  of  continuing 
research  to  refine  these  standards  (Booze,  1977;  Dille  and  Booze,  1977;  Dille  and  Mohler, 
1968;  Dille  and  Morris,  1968;  Siegel  and  Mohler,  1969).  Additionally,  researchers  have 
investigated  the  performance  of  pilots  with  various  types  of  static  medical  defects  - -e.g., 
blindness  in  one  eye  (Grosslight,  Fletcher,  Masterton,  and  Brucchan,  1979;  Welsh,  Vaughan, 
and  Rasmussen,  1976). 

As  stated  previously,  the  specification  of  medical/psychophysiological  requirements  is 
complicated  by  the  need  to  protect  public  safety  without  unduly  restricting  individual 
freedom.  For  example,  a  recent  specific  issue  has  been  the  determination  of  maximum  age 
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requirements  for  airline  pilots. ^  It  is  difficult  to  predict  an  individual  pilot's  capability 
using  only  age  ( Pyle,  1977).  Therefore,  some  recent  research  has  sought  to  establish  a 
functional  age  index  through  the  use  of  objective  performance  tests  (Gerathewahl,  1977; 
1978a;  1978b).  Additional  research  is  needed  to  continue  definition  and  refinement  of 
medical/psychophysiological  entry  requirements,  possibly  extending  the  innovative  approach 
being  employed  to  develop  the  functional  age  index  to  other  problems. 

TASK  SUBSETS  FOR  CERTIFICATES  AND  RATINGS  (E). 

One  function  of  the  certification  and  rating  structure  is  to  define  the  subset  of  tasks  that 
a  pilot  with  a  given  capability,  as  measured  by  training  and  experience,  may  perform.  The 
FAA  regulatory  philosophy  is  that  of  specifying  the  minimum  requirements  necessary  for 
safe  operations.  Therefore,  only  certain  tasks  are  so  specified  in  the  regulations; 
performance  of  tasks  that  are  not  specified  is  left  to  the  pilot’s  discretion.  The  task 
subsets  that  are  specified,  or  in  some  cases  implied,  provide  the  foundation  for  (1) 
determining  training  and  evaluation  requirements  for  a  given  certificate  or  rating,  and  (2) 
managing  pilots  to  insure  that  they  do  not  perform  tasks  which  exceed  their  training  and 
experience. 

Three  major  design  issues  (Issues  #19  -  #21)  were  identified  with  respect  to  the 
specification  of  the  task  subsets.  These  are  identification  of  the  (#19)  different  subsets 
of  tasks  that  pilots  holding  the  various  certificates  and  ratings  may  perform,  (#20)  needs 
for  new  certificates,  and  (#21)  needs  for  new  ratings. 

ISSUE  #19.  -  -TASK  SUBSETS  FOR  CURRENT  CERTIFICATES  AND  RATINGS.  Accident  data 
provide  some  insight  to  the  appropriateness  or  adequacy  of  task  subset  specifications  for 
the  various  certificates  and  ratings.  For  example,  pilots  with  low  total  flight  time  or  low 

time  in  a  specific  make  and  model  of  an  aircraft  are  involved  in  a  disproportionate  number 

of  accidents  (NTSB,  1972d;  1974b;  Munley,  1976).  It  is  possible  that  these  pilots,  who 
are  trained  to  required  standards,  are  simply  not  prepared  for  all  of  the  tasks  they  are 
legally  permitted,  or  required  by  circumstances,  to  perform.  Stated  differently,  such  data 
indicate  an  incongruity  between  task  demands  and  pilot  capabilities. 

If  pilots  who  hold  a  given  certificate  or  rating  on  occasion  are  required  or  elect  to 
exceed  their  capabilities,  and  do  so  legally,  then  it  is  possible  that  the  current 

certification  and  rating  structure  is  not  adequately  specified. 

A  possible  reason  for  this  deficiency  is  that  it  is  not  possible  to  describe  completely  the 
different  subsets  of  task  requirements  faced  by  general  aviation  pilots  who  hold  various 
certificates  and  ratings  ( Eggspuehler,  1977;  McCourt  and  Hewin,  1979).  While  a  few 
studies  have  analyzed  general  aviation  task  requirements  (Bolz  and  Eisele,  1979; 

Eggspuehler  and  Weislogel,  1968;  Hinton  and  Shaughnessy,  1978;  Hudock  and  Hudock,  1970; 
Weislogel  and  Miller,  1970),  they  have  focused  on  only  small  segments  of  general  aviation. 


Age  requirements  are  of  concern  for  both  entry  level  requirements  and  as  part  of 
the  continued  monitoring  of  the  competency  of  certificated  pilots,  as  are  all 
medical/psychophysiological  requirements.  Thus,  these  requirements  serve  as  continuing 
screening  mechanisms  for  selecting  or  defining  those  persons  who  can  fly  the  different 
general  aviation  missions. 
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Additionally,  some  of  these  studies  are  likely  outdated,  given  recent  changes  in  general 
aviation.  Results  of  these  studies  indicate,  however,  that  there  are  tasks  permitted  by  a 
given  certification  (e.g.,  certain  tasks  required  for  complex  mission  profiles)  that  are 
likely  beyond  the  capabilities  of  many  of  the  general  pilots  who  hold  that  certificate. 

Analytic  research  is  needed  that  will  identify  the  subsets  of  task  requirements  for  each  of 
the  certificates  and  ratings.  Given  the  disproportionately  high  number  of  accidents 
involving  'pleasure*  pilots  (Strickler  and  Eggspuehler,  1975)  and  the  number  associated 
with  instrument  meterological  conditions  (NTSB,  1973b),  attention  should  be  focused  on  the 
private  pilot  certificate  and  the  instrument  rating.  Further,  these  analyses  should  consider 
the  increasing  frequency  of  instrument  flying  in  general  aviation  and  focus  on  determining 
task  subset  requirements  to  be  effective  in  the  future  (e.g.,  1985,  1990,  2000). 

The  results  of  these  task  subset  analyses  could  serve  several  functions.  One  such  function 
would  be  to  provide  the  necessary  comprehensive  foundation  for  a  number  of  the  research 
projects  suggested  in  this  report.  For  example,  valid  task  subset  information  will  be 
required  for  research  on  determination  of  the  need  for  new  certificates  and  ratings, 
analysis  of  functions  with  respect  to  the  design  of  the  pilot -aircraft  control  interface,  and 
determination  of  training  requirements.  Indeed,  the  conduct  of  such  task  subset  analyses 
is  crucial  to  the  planning  of  almost  any  programmatic  human  factors  research  in  general 
aviation  and  to  the  systematic  design  of  all  of  the  components  affecting  pilot  performance. 

ISSUE  ^.--IDENTIFICATION  OF  NEEDS  FOR  NEW  CERTIFICATES.  The  changes  that  are 
taking  place  in  general  aviation  suggest  the  current  certification  structure  may  need  to  be 
modified  to  match  future  demands.  McCourt  and  Hewin  (1979),  for  example,  concluded 
from  their  recent  review  of  general  aviation  safety  problems  that  the  present  certification 
structure  may  be  less  than  well -suited  to  the  needs,  even  for  many  current  needs.  An 
illustration  of  the  need  for  new  certificates  can  be  found  in  proposals  for  'pleasure'  and 
'utility'  certificates  (Olcott,  1977).  These  proposals  are  based  on  predictions  of 
increased  all-weather  business  flying,  and  of  changes  in  the  nature  of  pleasure  flying  due 
to  fuel  and  economic  restrictions.  Simply  put,  it  is  believed  that  the  proposed 
certifications  would  better  match  projected  mission  requirements  with  pilot  capabilities  and 
economic  realities.  This  particular  proposal  may  not  be  an  optimal  solution,  however,  so 
research  is  needed  to  identify  needs  for  new  certificates.  To  be  efficient,  this  research 
should  also  identify  and  assess  methods  that  do  not  involve  regulatory  changes  for  resolving 
problems  underlying  these  needs. 

ISSUE  #21.- -IDENTIFICATION  OF  NEEDS  FOR  NEW  RATINGS.  As  with  certificates,  it  is 
also  possible  that  new  ratings  need  to  be  specified.  Most  current  ratings  are  specified  to 
match  pilot  ability  with  the  different  categories,  classes,  and  types  of  aircraft  flown  in 
general  aviation.  Most  of  these  ratings  require  that  pilots  receive  special  training  and  be 
evaluated  before  flying  an  aircraft  not  covered  in  the  ratings  which  they  already  hold. 
For  example,  pilots  with  a  single -engine  land  rating,  who  desire  to  fly  multi-engine  land 
airplanes  are  required  to  receive  instruction  in  the  use  and  operation  of  a  multi-engine 
land  airplane.  If  these  pilots  wish  to  transition  to  an  aircraft  that  falls  within  the 
ratings  they  currently  Erold,  for  example  another  single -engine  land  airplane,  then  no 
special  training  or  evaluation  is  required  by  the  regulations.  The  determination  of  the 
need  for,  and  type  of,  such  training  is  left  to  the  discretion  of  individual  pilots,  and  to 
those  individuals  who  sell,  rent,  or  lease  the  aircraft  to  them.  It  should  be  noted  that 
insurance  companies  also  have  a  voice  in  such  matters. 
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The  lack  of  formal  training  requirements  for  aircraft  within  the  same  rating  has  been 
referred  to  as  the  'open'  rating  concept.  This  concept  has  been  questioned  for  certain 
categories  and  classes  of  aircraft.  These  questions  have  resulted  from  analyses  of 
accidents  involving  experienced  pilots  with  low  flight  time  in  a  given  aircraft  that  falls 
within  the  rating  they  hold  (NTSB,  1967;  Munley,  1976). 

Additional  concern  arises  from  analyses  of  accidents  that  reveal  that  certain  aircraft 
within  a  class  are  involved  in  a  disproportionately  high  percentage  of  accidents  of  a 
certain  kind--e.g.,  differences  in  rates  of  stall/spin  accidents  among  various  makes  and 
models  of  single -engine  land  aircraft  (NTSB,  1967;  1979a;  Silver,  1976).  These 

differential  accident  rates  can  be  interpreted  as  indicating  that  some  aircraft  within  a 
class  are  more  difficult  to  fly  or  require  different  skills  to  operate  than  others.  If  so, 
it  is  then  suggested  that  such  aircraft  should  require  special  training. 

Yet  another  source  of  concern  is  derived  from  studies  that  have  documented  substantial 
differences  (non -standardization)  in  the  displays,  controls,  and  handling  characteristics  of 
different  aircraft  that  can  be  flown  by  pilots  holding  a  given  rating  (Ellis  and  Steinberger, 
1977;  Ontiveros,  Spangler,  and  Sulzer,  1978).  These  differences  can  create  problems  for 
pilots  who  transition  across  aircraft  within  a  given  class. 

Research  is  needed  to  determine  if  new  ratings  should  be  developed  to  address  the 
problems  described  above.  Recognizing  the  economic  consequences  and  regulatory 
complexity  that  \sould  result  from  increasing  the  number  of  ratings,  this  research  should 
also  explore  additional  regulatory  and  nonregulatory  methods  for  assuring  that  pilots  are 
sufficiently  familiar  with  the  aircraft  they  fly. 
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VI.  TRAINING  AND  PROFICIENCY  ASSESSMENTS  FOR  CERTIFICATES  AND  RATINCS 


Given  the  number  of  certificates  and  ratings  and  the  heterogeneity  of  pilots  and  individuals 
desiring  to  be  pilots,  the  needs  for  training  within  general  aviation  are  extremely  diverse. 
These  needs  are  met  by  a  variety  of  organizations  and  individuals  (Garvey,  1974).  Such 
training  is  conducted,  for  example,  by  (1)  universities  and  colleges;  (2)  large  commercial 

aviation  training  centers  which  provide  training  for  aircraft  ranging  from  the  small  'puddle 

jumpers*  to  large  jets;  (3)  specialized  aviation  training  centers  that  focus  on  training  for 
agricultural  aircraft,  helicopters,  gliders  and  other  specific  types  of  aircraft;  (4)  small 
fixed  base  operators,  located  at  many  local  airports,  that  offer  flight  instruction  as  well 
as  sell,  rent,  lease,  charter,  and  maintain  aircraft;  (5)  general  aviation  associations  and 
organizations,  which  offer  seminars  and  clinics  designed  to  prepare  students  for  specific 
certificates  or  ratings;  and  (6)  certificated  flight  instructors  working  independently  of  any 
organization.  There  is  also  a  prodigious  amount  of  aviation  training  literature  that  is 
designed  to  be  used  in  any  of  the  above  contexts,  or  by  individuals  for  self-instruction. 
Such  literature  is  produced  by  the  FAA  in  the  form  of  handbooks,  guidelines,  advisory 
circulars,  and  other  documents  available  to  the  public,^  as  well  as  by  the  aviation  industry 
in  the  form  of  programmed  texts,  textbooks,  audio-visual  programs,  and  a  variety  of  other 
instructional  media. 

To  accommodate  such  diversity,  the  FAA  regulates  training  in  two  ways.  Some  training 

courses  are  approved  under  FAR  Part  141,  which  sets  forth  certain  requirements  for 

training  programs  and  for  the  evaluation  and  monitoring  of  them  by  the  FAA.  To  provide 

as  much  flexibility  as  possible,  Part  141  leaves  some  of  the  design  of  instruction  to  the 
discretion  of  the  organization  conducting  the  training.  Even  more  flexibility  is  enabled 
through  the  use  of  FAR  Part  61,  which  specifies  only  the  performance  requirements  that 
the  graduate  of  a  program  must  meet  before  receiving  a  certificate  or  rating.  In  this 
case,  the  content  and  structure  of  training  are  left  entirely  to  the  training  organization, 
instructor,  and  student.  To  assure  that  pilots  meet  performance  requirements,  however,  the 
FAA  requires  thai  *hey  undergo  written  and  flight  proficiency  tests  administered  by  FAA 
personnel  or  by  FA/t  designated  examiners. 

General  aviation  training  is  therefore  characterized  by  the  diversity  in  its  needs,  and  in 

the  way  in  which  these  needs  are  addressed.  This  diversity  must  be  taken  into 
consideration  in  the  development  of  training  to  address  pilot  performance  problems. 

Indeed,  while  an  abundance  of  guidance  exists  for  the  systematic  development  of  training 
and  evaluation  systems  (Montemerlo  and  Tennyson,  1976),  even  the  most  well  intended  use 
of  this  guidance  will  be  thwarted  if  operational  constraints  on  training  development  and  the 
conduct  of  training  are  not  considered.  Such  problems  are  illustrated  by  the  continuing 
difficulties  within  the  military  in  the  use  of  instructional  system  development  procedures 
(Miller,  Swink,  and  McKenzie,  1978;  Montemerlo,  1979;  Prophet,  1978;  Vineberg  and 

Joyner,  1980). 

On  the  whole,  general  aviation  training  does  an  admirable  job  of  preparing  pilots  to  handle 
aircraft  and  utilize  airports  and  aeronautical  information  systems  that  are  not  optimally 
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A  complete  listing  of  FAA  publications  is  available  from  the  FAA  (FAA,  1979). 


designed  for  pilot  performance.  There  is  need,  nevertheless,  for  improvements.  Five 
design  elements  were  identiried  to  structure  the  discussion  of  this  need.  They  are  (1) 
training  requirements,  (2)  training  methodologies,  (3)  training  devices,  (4)  certificated 
flight  instructor  training  and  evaluation,  and  (5)  proficiency  tests.  These  elements 
represent  the  products  of  major  decisions  in  the  process  of  designing  instructional  systems. 

TRAINING  REQUIREMENTS  (E). 

Given  the  specification  of  tasks  that  may  be  performed  by  a  pilot  holding  a  certificate  or 
rating,  the  first  step  in  the  systematic  development  of  instruction  for  that  certificate  or 
rating  is  the  determination  of  training  requirements.  These  requirements  serve  as  the 
basis  for  specifying  the  knowledge,  skills,  and  attitudes  that  will  be  the  objectives  of 
instruction.  The  major  human  factors  issue  (Issue  #22)  identified  with  respect  to  training 
requirements  is  the  need  to  identify  comprehensive  sets  of  such  requirements  for  the 
various  certificates  and  ratings. 

ISSUE  #22.- -TRAINING  REQUIREMENTS  SETS.  The  military  and  air  carriers  usually  employ 
formal  analytic  procedures  to  specify  comprehensive  sets  of  training  requirements  for  their 
instructional  systems.  In  general  aviation,  on  the  other  hand,  training  is  seldom  based  on 
such  comprehensive  specifications.  Rather,  as  discussed  previously,  part  of  the  training  is 
guided  by  FARS  61  and  141,  and  the  balance  is  left  to  the  discretion  of  those  involved. 
Over  the  past  years,  however,  numerous  independent  proposals  have  been  made  to  require 
the  addition  of  new  training,  or  an  increased  emphasis  on  some  particular  area  in  existing 
training,  that  addresses  specific  pilot  performance  problems.  These  proposals  are  usually 
the  result  of  accident  analyses  or  research  projects  that  have  identified  or  investigated 
training  related  to  such  problems.  The  nature  of  these  proposals  varies  greatly.  While 
some  proposals  are  specific  to  a  given  certificate  or  rating,  usually  the  private  pilot 
certificate,  many  others  would  affect  all  pilot  training.  Additionally,  some  of  the  propo¬ 
sals  are  set  forth  in  very  general  terms,  while  others  specify  detailed  requirements  to  be 
included  in  training. 

To  illustrate  their  number,  range  and  extent,  several  examples  of  the  topics  of  such 
proposals  are  listed  below  (along  with  sources  of  the  proposals). 

•  pilot  judgment  errors  (lensen,  1978;  jensen  and  Benel,  1977) 

•  spatial  disorientation  (Collins,  Hasbrook,  Lennon,  and  Gay,  1977;  Kirkham,  Collins, 
Grap>e,  Simpson,  and  Wallace,  1978) 

•  stall/spin  prevention  ( FAA,  1979a;  Hoffman  and  Hollister,  1976;  NTSB,  1972e) 

•  ap>p roach/landing  task  errors  (NTSB,  1973;  Trammel,  1974) 

•  traffic  patterns  at  uncontrolled  airports  (NASA,  1978c;  farker,  1973) 

•  use  of  ground-based  radar  services  (NASA,  1977d) 

•  awareness  of  the  effects  of  alcohol,  drugs,  and  toxic  hazards  (Dille  and  Mohler, 
1968;  Lacefield,  Roberts,  and  Blossum,  1978;  Mohler,  1966) 
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•  awareness  of  individual  psychological  and  medical  problems  (Dille  and  booze, 
1977;  Mohler,  1977;  Siegel  and  Mohler,  1969) 

•  effects  of  hypoxia  and  us?  of  oxygen  (Brantigan,  1974) 

•  obtaining  weather  reports,  visualizing  the  weather,  recognizing  unfavorable  weather 
(Lawton  and  Livack,  1979;  NTSB,  1974b;  1976b) 

•  performing  weight  and  balance  calculations,  and  understanding  the  effects  of 
different  centers  of  gravity  and  weight  conditions  on  aircraft  performance  (NTSB,  1972d) 

•  prevention  of  icing  problems  (NTSB,  1972a) 

•  emergency  landing  techniques  (NTSB,  1972b) 

•  preflight  planning  (NTSB,  197  6a) 

•  timesharing  and  allocation  of  priorities  (Hopkins,  1977;  Roscoe  and  Hopkins, 

1975) 

•  collision  avoidance  awareness  and  scan  techniques  (NTSB,  1969;  1972c) 

•  familiarity  with  a  given  aircraft's  unique  handling  characteristics,  stall 
characteristics,  cockpit  design,  operating  procedures,  fuel  system  operation  (Ellis  and 
Steinberger,  1977,  NTSB,  1967;  1972f;  1974a;  Ontiveros,  Spangler,  and  Sulzer,  1978) 

•  use  of  pilot  operating  handbooks  (NTSB,  1976a;  Trammel,  1974) 

•  awareness  of  factors  causing  accidents  (Lawton  and  Livack,  1979) 

•  attitudes  toward  safe  practices  (Beaty,  1969) 

While  a  large  number  of  such  proposals  have  been  made,  there  have  been  no  comprehensive 
efforts  to  assess  the  effectiveness  of  systematically  integrating  these  recommendations  into 
trailing  for  the  different  certificates  and  ratings  for  which  they  are  appropriate. 

In  addition  to  existing  pilot  performance  problems,  new  instruction  will  need  to  be 
developed  that  addresses  potential  problems  that  are  likely  to  occur  in  the  future, 
particularly  those  relating  to  the  increased  utilization  of  advanced  aircraft  and  modem 
avionics  in  general  aviation.  For  example,  researchers  investigating  the  use  of 

sophisticated  equipment,  such  as  automated  flight  management  systems,  have  observed  that 
proper  training  is  crucial  to  the  safe  operation  of  this  equipment  (Chien,  1977;  Curry, 
1975).  Additional  indications  of  the  need  for  the  development  of  effective  training  for 
new  equipment  derives  from  analyses  of  air  carrier  pilot  problems  in  the  use  of  advanced 
systems  that  are,  or  soon  will  be,  in  many  general  aviation  aircraft,  such  as  weather  radar 
and  various  alert/warning  systems  (NTSB,  1971;  1973). 
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In  summary,  numerous  proposals  have  been  made  for  the  development  of  training  that 
independently  addresses  various  existing  or  potential  future  pilot  performance  problems. 
Research  is  needed  that  will  identify,  by  certificate  and  rating,  comprehensive  and 
integrated  sets  of  training  requirements  necessary  for  safe  pilot  performance.  Such 

research  should  emphasize  the  development  of  training  for  more  advanced  equipment  being 
introduced  into  general  aviation.  Such  efforts  are  necessary  to  guide  subsequent  program¬ 
matic  research  on  general  aviation  pilot  training.  This  research  will  also  provide  a 

common  foundation  for  the  independent  development  of  training  by  the  different  orga¬ 

nizations  that  perform  this  function. 

TRAINING  METHODOLOGIES  (E). 


In  addition  to  the  identification  of  what  should  be  taught,  the  determination  of  how  pilots 
should  be  trained  also  has  a  substantial  impact  on  the  subsequent  performance  of  pilots. 
In  the  early  days  of  aviation,  pilots  usually  taught  themselves  how  to  fly.  The  instructor 
provided  minimum  guidance  and  served  mainly  to  prevent  the  students  from  injuring  or 
killing  themselves.  During  World  War  II,  the  expense  of  aviation  training  and  the  great 

demand  for  trained  pilots  served  as  impetus  for  a  substantial  amount  of  research  on 
improved  pilot  training  methods  (Crawford,  Sol lenberger.  Ward,  Brown,  and  Ghiselli,  1947; 
Viteles,  1945).  This  research  has  continued  over  the  years,  and  has  resulted  in  the 
accumulation  of  an  extensive  technology  on  how  to  train  pilots. 

Although  most  of  this  technology  was  developed  in  other  contexts,  much  of  it  is  of  great 
value  to  general  aviation.  Indeed,  several  research  institutions  and  private  organizations 
have  applied  this  technology  to  general  aviation  training.  The  value  of  its  use  has  been 
illustrated  in  numerous  studies  that  have  revealed  increases  in  training  effectiveness  and 
efficiency  as  a  result  of  the  utilization  of  innovative  training  methods  (see  review  in 

Roscoe,  in  press). 

Two  major  human  factors  design  issues  were  identified  for  this  element.  These  are  (#23) 
determination  of  training  techniques  for  use  it.  aircraft,  and  (#24)  determination  of 

methods  for  the  use  of  pilot  training  devices. 

ISSUE  #23. --INSTRUCTIONAL  TECHNIQUES  FOR  USE  IN  THE  AIRCRAFT.  One  of  the  major 
tasks  faced  by  flight  training  program  developers  and  instructors  is  the  determination  of 
how  training  will  be  conducted  in  the  aircraft.  Techniques  must  be  selected  that  will 
optimize  the  effectiveness  and  efficiency  of  training.  Effective  instruction  is  necessary  to 
reduce  pilot  performance  problems  by  imparting  necessary  skills  to  the  pilot  to  better 
enable  him  to  fulfill  task  demands  and  by  making  his  skills  more  resistant  to  degradation 
from  stress.  Also,  in  consideration  of  the  proposals  for  increased  number  and  complexity 
of  training  requirements,  more  training  may  be  needed  to  solve  many  pilot  performance 
problems.  More  efficient  instruction  can  result  in  better  pilot  performance  by  enabling 

training  on  more  requirements  for  the  same  or  less  cost  than  is  possible  with  less 
efficient  techniques. 

Although  there  is  an  extensive  technology  concerning  flight  training  techniques,  there  has 
not  been  any  systematic  research  that  (1)  identified  all  applicable  techniques,  (2) 
determined  conditions  for  their  use,  and  (3)  empirically  assessed  their  use  in  general 
aviation  training.  Programmatic  research  is  needed  that  will  accomplish  these  functions. 


58 


ISSUE  P24. --METHODS  FOR  THE  USE  OF  PILOT  TRAINING  DEVICES.  Although  a  variety  of 
instructional  media  are  availabile  for  use  in  general  aviation  pilot  training,  pilot  training 
devices  are  of  prime  interest  due  to  their  substantial  potential  for  improving  general 
aviation  training  (Bergey,  1978).  For  present  purposes,  the  term  'pilot  training  device' 

refers  to  the  wide  range  of  training  equipment  that  simulates  portions  of  the  pilot -aircraft 
control  interface.  Examples  of  such  devices  include  (1)  high  fidelity  simulators  employed 
by  commercial  aviation  training  centers  that  simulate  specific  makes  of  larger  general 
aviation  aircraft;  (2)  sophisticated  pilot  trainers,  such  as  the  CAT  1  and  CAT  2,  that  are 
designed  to  be  employed  in  training  for  a  variety  of  aircraft;  (3)  smaller,  less  complex 
devices,  such  as  'table  top'  trainers  that  are  also  designed  to  be  employed  in  training  for 
different  aircraft  within  a  given  class;  (4)  computer  generated  video  presentations  of 
generic  aircraft  displays  with  interactive  input  devices;  and  (5)  static  photographic  or 

graphic  mockups  for  specific  aircraft  or  for  aircraft  of  a  given  class.  These  devices  have 
been  demonstrated  to  be  effective  media  for  use  in  general  aviation  pilot  training  (Crook, 
1967;  Finnegan,  1977;  Kitely  and  Harris,  1978;  Lanier  and  Butler,  1966;  Ontiveros,  1975; 
Povenmire  and  Roscoe,  1971;  Riddle,  1977;  Smith  and  Melton,  1976;  Stanek,  1972;  1973; 
Trollip,  1977),  as  well  as  in  aviation  in  general  (see  Orlansky  and  String  [1977]  and 
Semple,  Hennessy,  Sanders,  Cross,  Beth,  and  McCauley  [1980],  who  review  the  results  of  a 
large  number  of  such  studies). 

The  use  of  these  devices  improves  the  safety  of  training  by  furnishing  a  safe  environment 

for  the  practice  of  tasks  that  are  dangerous  to  practice  or  impractical  to  perform  in  the 

aircraft.  Moreover,  they  provide  the  potential  for  more  effective  and  efficient  instruction 
on  many  skills  than  is  possible  in  aircraft  or  with  other  media.  Indeed,  certain  skills  in 
which  many  current  pilots  appear  to  be  deficient,  such  as  judgment  and  emergency 
procedures  skills  are  those  that  can  be  effectively  and  efficiently  taught  in  training 
devices  (Caro,  Shelnutt,  and  Spears,  1980;  Lucaccini,  1978). 

An  additional  impetus  for  the  increased  use  of  training  devices  in  general  aviation  is 
derived  from  the  predicted  continued  rapid  increase  of  fuel  and  other  aircraft  operating 
costs,  and  the  associated  projected  decreases  in  flying  time.  The  use  of  training  devices 
will  be  necessary  to  reduce  the  impact  of  these  factors  on  the  effectiveness  of  pilot 
t  raining. 

The  benefits  that  are  derived  from  pilot  training  devices,  however,  are  dependent  on  how 
they  are  used  in  training  (Caro,  1973).  Since  such  devices  are  obviously  different  from 
aircraft,  different  instructional  techniques  should  accompany  their  use  to  maximize  their 
advantages  and  minimize  their  disadvantages.  While  conceptual  guidance  concerning 
techniques  for  using  training  devices  in  military  aircrew  training  is  available  (Caro, 
Shelnutt,  and  Spears,  1980;  Miller  1953),  research  is  needed  to  develop  guidance  speci¬ 
fically  concerning  their  use  in  general  aviation  training. 

DESIGN  OF  TRAINING  DEVICES  (E). 


The  benefit  of  training  devices  is  derived  from  how  they  are  used,  but  they  must  be 
designed  to  enable  and  facilitate  the  uses  desired  of  them.  A  substantial  amount  of 
literature  exists  for  the  design  of  such  devices  for  military  and  air  carrier  training  (Caro 
and  fbhlmann,  1979;  Miller,  1954;  Semple,  Hennessy,  Sanders,  Cross,  Beth,  and  McCauley, 
1980;  Semple,  Cotton,  and  Sullivan,  1980;  and  Smode,  1972).  Military  aircrew  training 
devices,  howrver,  are  usually  built  for  a  specific  aircraft,  a  defined  pilot 
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population,  and  clearly  stated  and  circimscribed  training  requirements.  The  context  for  the 
use  of  training  devices  in  general  aviation  is  greatly  different.  Most  general  aviation 
training  devices  must  be  designed  to  be  used  in  training  for  a  variety  of  aircraft  of 
different  makes  and  models  and  in  training  for  different  certificates  and  ratings,  as  well 
as  for  continuation  training.  Procurement  cost  constraints  and  maintenance  capabilities  are 
also  more  restrictive  in  general  aviation. 

These  restrictions  may  be  lessened  in  future  years,  given  projected  trends  toward  lower 
costs  and  greater  reliability  in  electronics  technology.  The  potential  exists  for  the 
development  of  new  types  of  training  devices  that  are  affordable,  better  suited  to  general 
aviation  needs,  and  that  offer  more  capabilities  than  current  devices.  Guidance  is  needed 
to  assure  effective  and  efficient  design  and  development  of  such  devices.  Two  design 
issues  were  identified  for  this  element.  These  are  (#25)  determination  of  fidelity 
requirements,  and  (#26)  design  of  instructional  support  features. 

ISSUE  #25. --FIDELITY  REQUIREMENTS.  Fidelity  of  a  training  device  is  often  viewed  in 
terms  of  the  degree  of  physical  correspondence  between  the  device  and  the  aircraft  flown 
by  the  pilot  indergoing  training  - -i.e.,  how  much  it  looks,  handles,  and  sounds  like  that 
aircraft.  This  ’physical  fidelity*  approach  to  training  device  design  can  be  costly, 
particularly  considering  the  general  aviation  market.  A  more  cost-efficient  design 
approach  to  determining  fidelity  requirements  begins  with  analyses  of  uses  of  devices  in 
training- -i.e.,  what  is  needed  to  enable,  facilitate,  and  promote  learning  (Bryan  and  Regan, 
1972;  Caro,  1977;  Smode  and  Hall,  1975).  Training  devices  designed  through  the  use  of 
such  analyses  can  turn  out  to  be  quite  different  from  the  aircraft,  but  be  as  effective,  or 
more  so,  for  instruction  than  devices  with  higher  physical  correspondence  to  the  aircraft. 
(Additionally,  they  tend  to  be  much  less  expensive.)  Demonstration  of  their  effectiveness 
can  be  found  in  numerous  studies  that  have  evaluated  devices  which  are  quite  different  in 
appearance  and  functioning  from  the  aircraft  they  simulate  (Crosby,  Rohlmann,  Leshowitz, 
and  Waag,  1978;  Eddowes,  McRee,  Matheny,  and  Crowder,  1975;  Finnegan,  1977;  Prophet 
and  Boyd,  1970;  Troll  ip,  1977). 

A  training  device  design  approach  focusing  on  training  requirements  could  prove  very  useful 
in  the  design  of  general  aviation  training  devices.  To  begin  with,  the  cost  constraints 
within  general  aviation  require  device  designs  that  are  relatively  low  in  cost.  High 
physical  fidelity  of  devices,  without  regard  to  training  task  fidelity  requirements,  will 
almost  invariably  result  in  higher  than  necessary  cost.  Furthermore,  the  need  for  generic 
trainers  that  can  be  used  for  several  different  makes  and  models  of  aircraft  indicates  that 
training  requirements,  rather  than  physical  fidelity,  should  guide  device  design.  Indeed,  the 
single-minded  pursuit  of  physical  fidelity,  constrained  and  compromised  as  it  must  be  by 
cost  restrictions,  can  result  in  poorly  designed  trainers  that  actually  have  negative  effects 
on  pilot  performance  in  the  aircraft. 

To  assure  the  effective  and  efficient  development  of  the  many  different  types  of  trainers 
that  are  required  for  general  aviation,  research  is  needed  that  will  provide  the  designers 
of  such  devices  systematic  guidance  concerning  the  determination  of  fidelity  requirements. 
The  development  of  guidance  for  the  design  of  low  cost  systems  for  simulating  external 
visual  scenes  is  of  particular  interest,  given  their  potential  for  expanding  the  use  of  gen¬ 
eral  aviation  trainers.  While  extensive  research  has  been  conducted  on  visual  systems  for 
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training  devices  (summarized  in  Semple,  Hennessy,  Sanders,  Cross,  Beth,  and  McCauley, 
1980),  only  a  few  studies  have  been  devoted  to  their  design  and  use  in  a  general  aviation 
context  ((ensen,  1973;  Kiteley  and  Harris,  1978;  Lintern,  1979;  Lintern  and  Roscoe,  1978; 
Voung,  lensen,  and  Treschel,  1973).  To  guide  future  device  development  and  use  in  general 
aviation,  programmatic  research  on  the  determination  of  functional  requirements  for  low 
cost  visual  systems  is  required. 

ISSUE  #26.- -INSTRUCTIONAL  SUPPORT  FEATURES.  Some  features  of  training  devices  are 
designed  solely  to  enable  or  facilitate  instruction.  They  have  nothing  to  do  with  simulation 
of  the  pilot -aircraft  interface  as  such.  These  features,  referred  to  as  instructional 
stpport  features,  have  been  developed  through  the  analysis  of  design  requirements  necessary 
to  facilitate  the  application  of  basic  principles  of  learning  and  instruction  to  the  pilot 
training  process. 

Examples  of  these  features  include  capabilities  for  (1)  "freezing*  the  device  in  midflight 
to  enable  the  instructor  to  provide  appropriate  guidance  or  feedback,  (2)  automation  of 
instructor  functions  that  allows  students  to  practice  by  themselves,  (3)  recording  and 
replaying  of  student  performance  to  enable  them  to  observe  their  actions,  and  (4) 
presenting  performance  information  via  alpha-numeric  and  graphic  displays  to  allow  the 
instructor  and  student  to  make  tetter  assessments  of  student  performance.  A  complete 
listing  and  explanation  of  instructional  support  features  can  be  found  in  Semple,  Cotton, 
and  Sullivan  (1980). 

It  is  highly  probable  that  increased  availability  and  use  of  instructional  support  features  on 
general  aviation  training  devices  would  improve  the  effectiveness  and  efficiency  of  pilot 
training.  While  guidance  is  available  concerning  the  design  of  these  features  (Caro, 
Pohlmann,  and  Isley,  1979,  Charles,  1977;  Semple,  Cotton,  and  Sullivan,  1980),  it  is 
oriented  toward  military  and  air  carrier  simulation  devices.  Research  is  needed  that  will 
adapt  this  guidance  to  general  aviation  needs  and  assess  the  utility  of  various  instructional 
sipport  features  in  the  general  aviation  context. 

CERTIFICATED  FLIGHT  INSTRUCTORS  (E). 

The  impact  that  instructors  have  on  the  effectiveness  and  efficiency  of  general  aviation 
training  is  obvious.  They  are  the  only  source  of  instruction  in  some  flight  programs.  In 
other  programs,  where  formally  developed  audio-visual  programs  and  accompanying  texts  are 
employed,  the  instructor  must  still  aid  the  students  in  the  integration  of  what  they  learn 
with  what  they  do  in  the  aircraft.  Furthermore,  the  instructors  serve  as  "role"  models,  so 
to  speak,  for  the  pilots  they  instruct.  Their  performance  and  their  attitudes  toward  safety 
have  a  substantial  impact  on  students.  In  addition  to  their  role  in  initial  training  for 
certificates  and  ratings,  the  instructors  are  the  major  assessors  of  the  continued 
proficiency  of  almost  all  general  aviation  pilots,  and  they  are  the  major  source  for  the 
continued  training  of  these  pilots. 

The  importance  of  the  instructor's  role  in  training  makes  it  desirable  to  try  to  improve 
pilot  performance  by  improving  the  teaching  skills  of  the  instructors.  Little  research, 
however,  has  teen  conducted  on  instructors  to  generate  the  information  needed  to  guide 
this  improvement.  Two  major  human  factors  design  issues  were  identified  for  this  element. 
These  are  (#27)  determination  of  instructor  training  requirements,  and  (#28)  development 
of  guidance  for  recurrent  instructor  training. 


ISSUE  *27.- -INSTRUCTOR  TRAINING  REQUIREMENTS.  A  review  (Olcott,  1977)  of 
deficiencies  in  general  aviation  training  identified  several  problems  with  that  training.  It 
concluded  that  one  of  the  keys  to  improving  this  training  was  improvement  in  instructor 
training.  Similarly,  attendees  at  a  recent  general  aviation  safety  workshop  made  several 
recommendations  for  improving  instructor  training  and  proficiency  assessment  that  they  felt 
would  act  to  improve  general  aviation  safety  (Lawton  and  Livack,  1979).  Both  of  these 
reports  noted,  however,  that  economic  constraints  (e.g.,  low  pay  for  instructors)  restricted 
the  nature  of  improvements  that  could  be  implemented.  Nevertheless,  if  general  aviation 

training  is  to  be  improved,  instructor  training  and  the  assessment  of  instructor  proficiency 
must  also  be  improved. 

If  new  training  requirements  are  added  to  pilot  training,  then  these  requirements  must  be 
added  to  instructor  training.  If  new  techniques  of  instruction  are  developed,  then  the 

instructor  should  be  taught  to  employ  them,  and  his  manner  of  use  of  such  techniques 

evaluated. 

Some  guidance  exists  for  structuring  instructor  training  - -e.g.,  the  Aviat  ion 

Instructor's  Handbook  (FAA,  1977b);  the  Flight  Training  Handbook  (1980),  and  Federal 
Aviation  Regulations  that  specify  instructor  training  and  proficiency  assessment 
requirements.  Systematic  research  is  needed,  however,  to  develop  and  evaluate  instructor 
training  requirements,  as  well  as  to  develop  techniques  for  use  in  training 

inst ructors - -e.g.,  practice  teaching  internships.  Part  of  this  research  should  also  focus  on 
the  organizational  and  economic  problems  that  restrict  instructor  training  and  determine 

actions  that  can  be  employed  to  decrease  the  inhibiting  effects  of  such  problems. 

ISSUE  #28.  -  -CUIDANCE  FOR  RECURRENT  INSTRUCTOR  TRAINING.  As  with  all  other 
pilots,  the  aeronautical  skills  of  the  instructor  can  degrade  over  time  if  these  skills  are 
not  used  regularly.  Additionally,  the  continuing  changes  in  general  aviation  require  that 
instructors  stay  current  regarding  new  aircraft,  ATC  regulations  and  procedures,  pilot 
training  requirements,  and  training  techniques.  Instructors  need  current  information,  not 
only  to  aid  them  in  their  job,  but  to  pass  such  information  on  to  the  general  aviation 
pilots  who  depend  on  them  for  such  information.  Thus,  the  continued  training  of  the 

instructor  is  crucial  to  the  safety  of  general  aviation. 

As  with  the  instructor's  original  training  for  certification,  however,  certain  economic  and 
organizational  constraints  restrict  the  effectiveness  of  his  continuation  training.  Research 
is  needed  to  (1)  develop  additional  guidance  for  the  continued  training  and  recurrent 

assessments  of  the  proficiency  of  instructors,  and  (2)  determine  actions  that  can  be  taken 
to  reduce  the  economic  and  organizational  constraints  on  their  continued  training. 

PROFICIENCY  TESTS  (E). 


Student  pilots  who  have  completed  the  training  required  for  the  private  pilot  certificate 
must  pass  both  a  written  test  and  a  flight  check  before  receiving  the  certificate.  The 
written  test  is  usually  developed,  administered,  and  scored  by  FAA  personnel.  The  flight 
check,  on  the  other  hand,  is  usually  administered  by  examiners  who  db  not  work  for  the 
FAA,  but  who  have  been  designated  by  the  FAA  to  perform  such  flight  examinations. 
Guidance  concerning  the  flight  check  is  provided  to  the  student  and  designated  examiner  in 
an  FAA  publication  (e.g.,  FAA,  1975).  Similar  proficiency  assessment  procedures  are 
employed  for  the  other  certificates  and  for  selected  ratings. 
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If  general  aviation  training  is  to  be  expanded  or  otherwise  improved  to  enhance  pilot 
performance,  these  written  tests  and  flight  checks  must  also  be  modified  to  assure  that 
the  performance  of  each  student  is  indeed  enhanced.  Guidance  is  needed,  however,  to 
determine  how  these  assessments  should  be  modified.  Three  human  factors  design  issues 
were  identified  for  this  element:  {# 29 )  development  of  guidance  for  modifying  the  written 
tests;  (#30)  development  of  objective  flight  checks;  and  (#31)  identification  of  techniques 
for  employing  alternative  testing  media  in  the  assessment  of  pilot  proficiency  (e.g., 
training  devices,  computer-based  systems). 

ISSUE  #29.- -GUIDANCE  FOR  MODIFYING  THE  WRITTEN  TEST.  The  major  purpose  of  the 
written  test  is  to  assess  a  pilot's  aeronautical  knowledge  related  to  the  safe  operation  of 
the  aircraft.  As  such,  recommendat ions  for  adding  training  requirements  designed  to 
reduce  pilot  performance  problems  frequently  are  accompanied  by  recommendations  to 

modify  written  tests  to  assess  each  pilot's  achievement  of  that  requirement  (see  list  of 
references  in  Issue  #22).  These  recommendations,  however,  have  been  made  on  a  topic - 
by -topic  basis  and,  thus,  represent  independent  suggestions  for  modification.  They  do  not 
provide  a  comprehensive  foundation  for  such  change. 

In  addition  to  recommendations  for  covering  additional  topic  areas,  suggestions  were  made 
during  the  interviews  conducted  for  this  project  that  the  written  tests  be 

c  rite r ion  -  referenced.^  That  is,  the  items  in  the  tests  need  to  be  (1)  more  performance  - 

oriented  than  at  present,  and  (2)  scored  on  the  basis  of  an  analysis  of  the  minimim 
knowledge  required  for  safe  flight.  Performance -oriented  items  would  focus  on  knowledge 
required  to  perform  tasks  related  to  the  safe  conduct  of  flights,  rather  than  on  ’theory.* 
Criterion -referenced  scoring  would  assure  that  a  pilot  is  proficient  in  each  topic  area 

covered  in  the  test. 

Research  is  needed  to  assess  the  adequacy  of  the  current  written  tests  and  to  develop 
guidance,  if  any  is  needed,  for  the  development  of  criterion -referenced  tests. 
Furthermore,  research  is  needed  that  will  assess,  on  a  systematic  basis,  the  need  for 
additional  content  on  the  tests. 

ISSUE  #30.  - -OB)  ECTIVE  FLIGHT  CHECKS.  The  purpose  of  flight  checks  is  to  assure  that 
each  pilot  has  the  aeronautical  skills  necessary  for  safe  flight.  As  with  written  tests, 
recommendations  that  have  been  made  to  improve  general  aviation  training  to  reduce  pilot 
performance  problems  have  usually  been  accompanied  by  recommendations  for  additional 
content  on  the  flight  checks  (see  list  of  references  in  Issue  #22).  Also,  as  with  written 
tests,  no  studies  have  been  published  that  systematically  review  these  requirements  in  order 
to  develop  comprehensive  recommendations  for  modifying  the  flight  tests. 

In  addition  to  the  recommendations  for  added  topics  for  testing  during  the  flight  check,  it 
has  been  suggested  that  guidance  be  developed  to  improve  the  objectivity  of  checks, 
particularly  the  private  pilot  check  (Forrest,  1970;  GAO,  1976).  The  development  of 
objective  flight  checks  has  received  considerable  attention  from  aviation  researchers  (see 
review  by  Forrest,  1970),  but  attempts  to  develop  and  implement  such  checks  in  general 
aviation  have  failed. 


Criterion -referenced  testing  is  explained  in  Siegel,  Musetti,  Federman,  Pfeiffer, 
Wiesen,  Delro,  and  Sheppard  (1979)  and  Swezey  and  Pearlstein  (1975). 
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Research  is  needed  that  will  review  the  content  of  current  checks,  review  recommendations 
for  additional  test  topics,  and  determine  if  the  current  test  guidelines  need  to  be  modified. 
Furthermore,  research  should  be  conducted  to  determine  proficiency  assessment  requirements 
associated  with  the  implementation  of  any  new  training  requirements.  Finally,  research 
should  be  conducted  to  develop  and  assess  the  use  of  objective  flight  tests  in  general 
aviat  ion. 

ISSUE  #31. --TECHNIQUES  FOR  USING  ALTERNATIVE  TEST  MEDIA.  In  addition  to  the  aircraft 
and  paper -and -pencil  test  formats,  several  other  test  media  are  available  for  use  in 
assessing  the  proficiency  of  general  aviation  pilots.  Two  of  the  most  promising  are  (1) 
training  devices,  and  (2)  computer-based  test  systems  which  present  written  or  graphic 
information  on  computer -generated  displays.  Preliminary  analyses  and  evaluations  of  the 
capabilities  of  both  types  of  media  for  assessing  pilot  proficiency  have  already  been  per¬ 
formed  (Finnegan,  1977;  Koonce,  1974;  Ontiveros,  1975;  1976;  Trollip,  1977).  As  a  result 
of  these  analyses,  several  advantages  associated  with  the  use  of  these  test  media  have  been 
identified.  For  example,  such  media  can  potentially  increase  the  efficiency  of  skill  and 
knowledge  testing.  Adaptive  testing  techniques  that  can  be  employed  in  both  training  devices 
and  computer-based  test  systems  can  enable  much  more  material  to  be  covered  in  a  test. 

Items  are  selected  in  real  time  based  an  the  analysis  of  the  student's  competence  as  revealed 
by  answers  to  previous  test  questions.  Further,  instructional  support  features  available  on 
training  devices  make  it  possible  to  assess  varied  tasks  in  minimal  time  (e.g.,  different 
instrument  approaches  can  be  examined  without  extensive  time  being  consumed  getting  into 
position  for  the  approach  tasks).  As  a  result  of  increased  efficiency  in  testing,  more  skills 
and  knowledges  can  be  assessed  without  increasing  total  costs.  This  is  one  way  to 
accommodate  increased  proficiency  assessment  requirements  as  a  means  toward  reducing  pilot 
performance  problems. 

Use  of  training  devices  can  also  facilitate  the  conduct  of  objective  flight  checks. 
(Requirements  for  increased  objectivity  were  discussed  in  the  preceding  section.)  Greater 
objectivity  can  be  obtained  in  the  device  than  in  the  aircraft  because  (1)  the  conditions  for 
the  conduct  of  checks  can  be  controlled  precisely,  (2)  measurements  of  student  performance 
can  be  collected  using  special  displays  or  even  automated  performance  measurement  features, 
and  (3)  the  examiner  is  not  distracted  by  operational  constraints  present  in  the  aircraft 
(Shelnutt,  1978). 

In  conclusion,  training  devices  and  computer-based  test  systems  offer  several  potential 
advantages  as  media  for  testing  the  proficiency  of  general  aviation  pilots.  Additional 
programmatic  research  is  needed  to  continue  study  of  the  roles  these  media  can  play  in  such 
assessment. 
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VII.  CONTINUATION  TRAINING  AND  RECURRENT 
ASSESSMENTS  OF  PILOT  PROFICIENCY 


Since  most  pilot  certificates  are  issued  without  specific  expiration  dates,  general  aviation 
pilots  may  fly  with  these  certificates  as  long  as  (1)  they  are  not  revoked  or  suspended, 
and  (2)  the  pilots  meet  the  standards  for  the  required  medical  certificates.  The  flight 
skills  of  even  the  most  accomplished  pilots  will  degrade,  however,  if  they  are  not 

performed  or  practiced  regularly.  Moreover,  their  knowledge  needs  to  be  updated 
continually  with  respect  to  changes  in  general  aviation  and  the  National  Airspace  System. 
Thus,  all  general  aviation  pilots  need  to  receive  some  form  of  continuation  training  in 

order  to  maintain  their  knowledge  and  skills  at  a  safe  level  of  proficiency. 

Federal  Aviation  Regulations  do  not  specifically  cover  requirements  for  continuation  training 
for  most  general  aviation  pilots.  Part  61.57,  however,  specifies  currency  requirements  for 
pilots  in  command  of  civil  aviation  aircraft.^  In  addition  to  certain  limited  currency 

requirements  for  takeoffs  and  landings,  night  flying,  and  IFR  experience  (for  instrument 
rated  pilots),  Part  61.57  specifies  that  pilots  receive  a  flight  review  every  24  months. 
This  review,  which  is  commmonly  referred  to  as  the  Biennial  Flight  Review,  is  the  major 

regulatory  mechanism  for  assuring  that  pilots  can  safely  exercise  the  privileges  of  their 
pilot  certificates. 

This  chapter  reviews  human  factors  design  issues  related  to  the  conduct  of  continuation 
training  and  to  the  Biennial  Flight  Review. 

CONTINUATION  TRAINING  (E). 

As  with  training  for  certificates  and  ratings,  continuation  training  is  conducted  in  a  variety 
of  ways.  Almost  all,  if  not  all,  of  the  organizations  providing  training  for  certificates 
and  ratings  also  offer  various  continuation  training  activities.  These  activities  include 
refresher  programs,  seminars,  flying  proficiency  programs,  safety  clinics,  and  a  number  of 
other  formal  and  informal  programs  designed  to  maintain,  refine,  and  extend  the  pro¬ 
ficiency  of  certificated  pilots.  The  FAA  also  has  several  programs  designed  to  evaluate 
certificated  (as  well  as  student)  pilots,  such  as  the  General  Aviation  Accident  Prevention 
Program  (FAA,  1975)  and  the  Pilot  Proficiency  Award  Program  (FAA,  1979).  Additionally, 
the  FAA  publishes  a  variety  of  literature,  such  as  Advisory  Circulars,  to  aid  in  the 
accomplishment  of  this  function.  Much  of  the  aviation  literature  published  by  the  private 
sector  is  also  designed  to  educate  certificated  pilots.  Finally,  as  in  any  profession  or 
serious  avocation,  a  major  source  for  continuation  training  comes  from  the  experience 
gained  by  the  pilots  themselves  on  their  own  initiative,  and  from  discussions  with  their 
fellow  pilots. 

Two  major  human  factors  issues  were  identified  for  this  design  element.  These  are  (#32) 
determination  of  requirements  for  continuation  training,  and  (#33)  identification  of  methods 
for  encouraging  continuation  training. 


In  addition  to  Part  61.57,  Part  61.58  of  the  Federal  Aviation  Regulations  specifies 
pilot -in -command  proficiency  checks  for  operation  of  aircraft  requiring  more  than  one 
pilot.  These  checks,  which  are  not  included  in  the  following  discussions,  are  much  more 
formal  and  extensive  than  requirements  specified  in  Part  61.57. 
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ISSUE  #32.-  -REQUIREMENTS  FOR  CONTINUATION  TRAINING.  General  aviation  accidents 
frequently  involve  certificated  pilots  who  either  lack  recent  flight  experience  of  any  kind, 
or  are  current,  but  err  in  the  performance  of  infrequently  performed  tasks.  As  a  result 
of  these  associations,  analyses  of  general  aviation  accidents  and  incidents  have  frequently 
concluded  that  certificated  pilots  should  receive  training  to  address  performance  problems 
identified  in  the  analyses  (Munley,  1976;  NASA,  1978c;  NTSB,  1972f;  1972e;  1974a; 
1974b;  1976a;  1979b).  As  with  proposals  discussed  in  the  previous  section  on  training  for 
certificates,  these  proposals  are  numerous  and  varied.  Indeed,  many  of  the 
recommendations  made  for  training  for  certificates  also  contained  associated 
recommendations  for  continuation  training  (or  simply  did  not  specify  when  a  pilot  should 
receive  the  training). 

Also  as  with  training  for  certificates  and  ratings,  numerous  new  requirements  for 
continuation  training  will  arise  in  future  years  as  new  aircraft,  avionics,  and  ATC  services 
and  regulations  are  introduced.  These  new  requirements  will  occur  at  a  time  when 
projected  increases  in  operating  costs  and  fuel  shortages  may  force  many  general  aviation 
pilots  to  reduce  their  flying.  The  limitation  of  flight  time  will  make  it  even  more 
difficult  for  many  pilots,  particularly  pilots  who  fly  for  nonbusiness  reasons,  to  remain 
proficient  in  the  complex  skills  required  to  cope  safely  with  increasingly  sophisticated 
aircraft  and  flight  environments. 

Abundant  information  is  available  concerning  continuation  training  requirements.  As  with 
training  for  certificates  and  ratings,  however,  these  requirements  have  been  proposed  more 
or  less  on  an  ad  hoc  basis  to  cover  particular  needs.  Training  is  often  developed  to  meet 
these  specific  requirements,  frequently  in  the  form  of  an  audio-visual  program,  a  seminar, 
an  advisory  circular,  or  an  article  in  an  aviation  magazine.  The  proficiency  of  general 
aviation  pilots,  however,  depends  on  the  comprehensiveness  with  which  their  training 
addresses  their  needs.  Research  is  needed  that  will  systematically  address  the  total 
continuation  training  needs  for  the  different  types  of  general  aviation  pilots.  Such 
research  can  build  on  the  results  of  past  studies  on  the  retention  of  flight  skills  by 
general  aviation  pilots  (Hollister,  LaFbinte,  Oman,  and  Tole,  1973;  Seltzer,  1971),  and 
military  and  air  carrier  pilots  (Meyers,  Laveson,  Page,  and  Edwards,  1978;  Goorney,  1965; 
Proph  t,  1976a;  1976b),  as  veil  as  the  general  psychological  literature  on  the  retention  of 
motor  skills  and  knowledge  (reviewed  in  Schendel,  Shields,  and  Katz,  1978).  The  research 
suggested  here  would  (1)  identify  the  types  of  flying  skills  most  susceptible  to  degradation 
over  time,  (2)  determine  conditions  and  individual  pilot  characteristics  that  affect  retention 
of  the  skills,  and  (3)  determine  requirements  for  continuation  training  to  prevent  skill 
deficiencies.  The  results  of  this  research  would  serve  as  the  foundation  for  further  pro¬ 
grammatic  investigation  of  other  questions  related  to  the  development  and  conduct  of 
continuation  training. 

ISSUE  #33.- -METHODS  FOR  ENCOURAGING  CONTINUATION  TRAINING.  The  development  of 
continuation  training,  regardless  of  its  comprehensiveness,  will  not  be  beneficial  unless 
pilots  take  advantage  of  the  instruction.  While  there  are  not  any  formal  regulations 
requiring  specific  types  of  continuation  training,  a  number  of  less  formal  methods  currently 
exist  for  encouraging  general  aviation  pilots  to  continue  their  training  to  maintain  their 
skills  and  update  their  knowledge.  For  example,  Federal  Aviation  Regulations  (Part  61.57), 
as  previously  discussed,  specify  certain  limited  currency  requirements.  Additionally,  the 
FAA  and  various  general  aviation  organizations  encourage  pilots  to  continue  their  training 
through  a  number  of  different  promotional  activities.  Such  activities  include 
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the  General  Aviation  Manufacturers  Association  Safe  Pilot  80  Sweepstakes  in  which  prizes 
are  awarded  to  pilots  attending  safety  seminars,  and  the  FAA  Pilot  Proficiency  Award 
Program  in  which  tie  tacks,  lapel  pins,  and  certificates  are  given  to  pilots  who  participate 
in  the  program.^  On  occasion,  continuation  training  is  also  recommended  by  FAA  or  other 
concerned  personnel  as  a  result  of  violations  of  regulations  or  demonstrations  of  unsafe 
airmanship.  The  major  sources  of  motivation  for  continuation  training,  however,  lie  within 
the  pilots  themselves  and  in  informal  pressure  from  their  colleagues  and  associates. 

Given  the  lack  of  formal  regulations  requiring  continuation  training,  the  question  arises  as 
to  whether  all  general  aviation  pilots,  particularly  pleasure  pilots  who  often  do  not  fly 
extensively,  are  likely  to  continue  training.  Pleasure  pilots  typically  are  not  as  intimately 
involved  in  aviation  as  full-time  pilots,  and  as  a  group  they  have  the  highest  accident  rate 
(Strickler  and  Eggspuehler,  1975)  of  all  general  aviation  pilots.  Even  active  professional 
pilots,  however,  may  omit  needed  training  due  to  operational  constraints,  lack  of  awareness 
of  their  need,  or  even  complacency.  This  problem  is  evidenced  by  accidents  involving 
high-time  pilots  who  fly  extensively,  but  make  errors  on  infrequently  performed  tasks  such 
as  emergency  procedures.  The  need  for  continuation  training  for  even  the  most 
experienced  pilots  is  illustrated  by  the  formal  programs  which  exist  within  the  military  and 
air  carriers  to  accomplish  this  function. 

Research  is  needed  to  determine  if  current  methods  for  encouraging  continuation  training 
are  indeed  effective  for  all  general  aviation  pilots.  This  research  would  also  identify  and 
assess  alternative  regulatory  and  nonregulatory  methods  for  encouraging  continuation 
training  within  the  constraints  present  in  general  aviation. 

RECURRENT  ASSESSMENTS  OF  PILOT  PROFICIENCY  (E). 

The  regulation  (Part  61.57)  specifying  requirements  for  the  Biennial  Flight  Review  (BFR) 
reads  as  follows: 

61.57  Recent  flight  experience:  pilot  in  command. 

(a)  Flight  review.  After  November  1,  1974,  no  person  may  act  as  pilot  in 
command  of  an  aircraft  unless,  within  the  preceding  24  months,  he  has-- 

(1)  Accomplished  a  flight  review  given  to  him,  in  an  aircraft  for  which  he 
is  rated,  by  an  appropriately  certificated  instructor  or  other  person 
designated  by  the  Administrator;  and 

(2)  Had  his  logbook  endorsed  by  the  person  who  gave  him  the  review 
certifying  that  he  has  satisfactorily  accomplished  the  flight  review. 

Fiowever,  a  person  who  has,  w'ithin  the  preceding  24  months,  satisfactorily 
completed  a  pilot  proficiency  check  conducted  by  the  FAA,  an  approved  pilot 
check  airman  or  a  U.S.  Armed  Force  for  a  pilot  certificate,  rating  or  operating 
privilege,  need  not  accomplish  the  flight  review  required  by  this  section. 


It  has  been  observed  that  the  training  sessions  specified  in  the  Pilot  Proficiency 
Award  Program  do  not  have  a  stated  completion  standard.  Thus,  it  is  theoretically  possible 
for  an  award  to  be  given  in  recognition  of  poor  performance  (Lawton  and  Livack,  1979). 
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(b)  Meaning  of  flight  review.  As  used  in  this  section,  a  flight  review  consists 
of-  - 

(1)  A  review  of  the  current  general  operating  and  flight  rules  of  Part  91 
of  this  chapter;  and 

(2)  A  review  of  those  maneuvers  and  procedures  which  in  the  discretion  of 
the  person  giving  the  review  are  necessary  for  the  pilot  to  demonstrate  that 
he  can  safely  exercise  the  privileges  of  his  pilot  certificate. 

Two  major  human  factors  issues  were  identified  with  respect  to  the  BFR.  These  are  (#34) 
determination  of  assessment  requirements,  and  (#35)  determination  of  procedures  and  other 
structure  for  the  BFR. 

ISSUE  #34. --SPECIFIC  REQUIREMENTS  FOR  RECURRENT  ASSESSMENTS  OF  PILOT  PROFI- 
CIENCY.  Part  61.57  does  not  furnish  guidance  concerning  specific  skills  and  areas  of 
knowledge  to  be  assessed  during  the  BFRs.  Sets  of  guidelines  for  the  BFR  that  have  been 
developed  and  published  by  various  general  aviation  organizations  (e.g..  National  Association 
of  Flight  Instructors,  1976)  provide  more  extensive  guidance  to  instructors  conducting  the 
BFRs,  but  they  still  do  not  identify  specific  assessment  requirements.  These  guidelines 

recommend,  however,  that  the  BFR  should  focus  generally  on  the  tasks  with  which  most 
certificated  pilots  have  problems  and,  more  specifically,  on  the  subset  of  such  tasks  or  any 
other  tasks  with  which  the  pilot  being  reviewed  has  difficulty. 

To  be  efficient  and  effective,  BFRs  should  focus  on  the  set  of  skills  and  areas  of 
knowledge  that  are  (1)  critical  to  safe  flight,  (2)  most  susceptible  to  degradation  over 

time,  and  (3)  most  likely  to  need  updating  due  to  changes  in  general  aviation  and  the 

National  Airspace  System.  Instructors  could  employ  such  guidance  concerning  these  skills 
for  determining  what  should  generally  be  covered  in  BFRs  and  also  for  determining  specific 
subsets  of  skills  that  need  to  be  addressed  for  each  pilot. 

Given  the  absence  of  such  guidance,  the  content  of  BFRs  varies  across  instructors  (Boody, 
1980,  GAO,  1976).  Research  is  needed  that  will  identify  specific  skills  and  areas  of 
knowledge  that  should  be  assessed  during  BFRs.  This  research  could  be  conducted  jointly 
with  research  to  develop  requirements  for  continuation  training.  As  part  of  the  effort, 
consideration  should  be  given  to  the  possibility  of  recording,  perhaps  on  an  anonymous 
basis,  the  results  of  current  BFRs.  Such  results  are  not  recorded  at  present.  However, 

they  could  furnish  valuable  insight  into  current  problems  within  the  general  aviation  pilot 
population. 

ISSUE  #35. --GUIDANCE  FOR  STRUCTURING  THE  BFR.  As  with  the  content  of  the  BFR, 
guidance  concerning  how  BFRs  should  be  conducted  is  also  lacking  in  Part  61.57.  The 
industry  guidelines  (National  Association  of  Flight  Instructors,  1976)  do  furnish  a  general 
description  of  steps  recommended  for  accomplishing  the  BFR--i.e.,  (1)  review  of  the 
pilot's  background  for  use  in  planning  the  BFR,  (2)  review  of  operational  and  flight 
provisions  of  Federal  Aviation  Regulation  Part  91  appropriate  to  the  operations  of  the  pilot 
receiving  the  BFR,  (3)  review  of  preflight  procedures,  (4)  review  of  the  pilot’s  flight 
skills,  and  (5)  post  flight  discussion  and  recommendations.  As  a  general  directive,  the 
guidelines  continually  emphasize  that  the  BFR  be  accomplished  in  a  manner  that  is 
economical  and  expeditious  (NTSB,  1979b). 

Thus,  how  the  BFR  is  actually  conducted  is  mostly  left  to  the  discretion  of  the  instructor 
and  pilot  irdergoing  the  BFR,  and  a  variety  of  alternative  procedures  for  administering  the 
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BFR  can  and  have  been  employed.  Additional  variance  is  derived  from  the  selection  of 
conditions  for  the  conduct  of  the  BFR  and  of  the  aircraft  employed  in  the  evaluation  with 
respect  to  the  ratings  held  by  the  pilot  undergoing  the  review.  There  can  also  be  wide 

variability  in  the  way  in  which  skills  are  measured  and  evaluated,  as  well  as  in  the  cri¬ 
teria  employed  by  the  instructor  to  determine  if  a  BFR  is  satisfactorily  accomplished.^ 

A  critical  review  of  the  BFR,  which  was  conducted  by  the  General  Accounting  Office  (GAO, 
1976),  resulted  in  the  recommendation  for  additional  standards  to  structure  the  BFR  and 
make  it  more  objective.  Many  individuals  in  the  general  aviation  community  have  resisted 
such  standardization  because  they  believe  (1)  a  flexible  approach  is  needed,  given  the 
diversity  in  general  aviation,  and  (2)  additional  regulations  governing  general  aviation  are 
to  be  avoided  whenever  possible  (Lawton  and  Livack,  1979).  Additionally,  the  extent  of 
recurrent  reviews  of  pilot  proficiency  in  general  aviation  is  restricted  by  economic 

const  raints. 

In  conclusion,  the  notion  of  furnishing  additional  structure  to  the  BFR  involves  some 

controversy.  Since  the  BFR  is  the  major  regulatory  mechanism  for  assuring  the  continued 

safety  of  performance  of  general  aviation  pilots,  the  adequacy  of  these  reviews  is  of  great 
concern.  The  present  guidance  for  the  BFR  is  inadequate  from  a  measurement  standpoint. 
Whether  this  guidance  is  sufficient  to  assure  safe  performance  is  an  empirical  question 
that  should  be  addressed  through  research.  Such  research  would  also  identify  any  needs 
for  structuring  the  Biennial  Flight  Review  and  investigate  regulatory  and  nonregulatory 
means  for  providing  the  structure. 


If  an  instructor  believes  the  BFR  was  accomplished  satisfactorily,  he  enters  the 
appropriate  endorsement  in  the  pilot's  logbook.  If,  on  the  other  hand,  the  instructor 
believes  it  was  not  satisfactory,  he  may  recommend  remedial  actions  to  the  pilot.  No 
entries  are  made,  however,  concerning  unsatisfactory  BFRs  in  the  pilot's  log  or  elsewhere. 
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VIII.  SUMMARY  AND  DISCUSSION 


PILOT  PERFORMANCE  AND  SAFETY. 

Attainment  of  the  economic  and  social  benefits  that  general  aviation  holds  for  the  future 
will  depend  on  many  factors  - -e.g.(  technology  advances,  the  world  energy  situation,  and 

the  state  of  the  economy.  However,  one  factor  that  will  surely  affect  the  degree  of  such 

attainments  quite  directly  will  be  the  safety  record  of  general  aviation  in  the  years  to 
come.  That  record,  considering  past  performance  and  future  projections,  will  be  a  matter 
of  concert.,  and  every  effort  will  be  made  to  improve  it.  General  aviation,  like  all 

segments  of  the  aviation  community,  is  constantly  seeking  means  for  improving  or  enhancing 

flight  safety  in  its  operations. 

The  position  advanced  in  this  report  is  that  the  safety  with  which  general  aviation  fulfills 
its  missions  is  in  large  part  a  function  of  the  degree  of  congruence  between  pilot 
capabilities  and  the  task  demands  imposed  by  the  aircraft,  the  airspace  system,  and 
associated  flight  tasks.  When  demands  exceed  capabilities,  pilot  performance  problems 
result,  sometimes  with  major  consequences.  While  general  aviation  accident  rates  have 
steadily  declined,  the  proportion  of  accidents  attributable  to  pilot  problems  has  remained 
substantial  and  relatively  constant.  Indeed,  the  great  majority  of  general  aviation 
accidents  are  attributable,  in  some  degree  or  other,  to  such  pilot  performance  factors. 
Therefore,  it  would  appear  that  some  change  in  the  manner  of  seeking  to  solve  pilot 
performance  problems  is  in  order;  at  the  very  least,  alternative  approaches  to  the  solution 
of  such  problems  should  be  investigated.  The  effort  described  in  this  report  represents 
the  beginning  of  such  an  alternative  approach;  as  such,  it  is  felt  that  the  directions  for 
future  human  factors  research  and  applications  programs  it  presents  offer  real  potential 
for  reducing  pilot  performance  problems  in  general  aviation  and,  hence,  for  enhancing 
general  aviation  safety  in  the  future. 

ALTERNATIVE  APPROACH.  The  approach  taken  in  the  present  effort  has  focused  on  the 
interface  between  pilot  capabilities  and  task  demands,  the  factors  that  affect  the 
functional  effectiveness  of  that  interfacing,  and  the  needs  for  human  factors  information  to 
support  constructive  changes  (i.e.,  design  changes)  to  that  interface.  The  present  study 
has  provided  an  opportunity  to  view  these  human  factors  aspects  of  general  aviation  with  a 
breadth  and  depth  that  generally  has  not  been  afforded  to  previous  investigators.  This 
increased  breadth  and  depth  of  analytic  scope  in  examining  human  factors  problems  is  one 
desired  aspect  of  an  effective  alternative  approach  to  solving  pilot  performance  problems  in 
general  aviation. 

Another  principal  feature  of  such  an  alternative  approach  relates  to  the  manner  in  which 
pilot  performance  problems  are  identified  and  in  which  solutions  are  sought.  Past  efforts, 
understandably,  have  received  much  of  their  impetus  from  the  frequency  and  criticality  of 
accident  experience  in  general  aviation.  Thus,  research  and  corrective  actions  have  been 
driven  on  a  reactive,  symptomatic  basis.  While  clearly  this  impetus  will  and  should 
continue,  the  approach  taken  here  is  to  examine  the  other  side  of  the  'antecedent 
conditions  -  pilot  performance  -  outcome  consequences'  chain,  i.e.,  to  examine  the 
antecedent  conditions  underlying  pilot  performance.  Stated  differently,  the  present 
approach  has  sought  to  examine  systematically  those  man -machine  system  factors  that 
affect  or  underlie  pilot  performance,  whether  that  performance  be  adequate  or  inadequate, 
in  order  to  uiderstand  the  interworkings  of  those  factors  and  to  provide  better  avenues  of 


70 


solution  to  those  aspects  of  pilot  performance  in  which  manifest  or  projected  problems 
exist. 

An  outgrowth  of  this  concentration  on  developing  a  "process^  understanding"  in  the  present 
effort  has  been  the  identification  of  those  system  components  and  elements  that  (1)  affect 
performance  outcomes  and  (2)  are  potentially  capable  of  deliberate  design  or  modification. 
Thus,  for  effective  pilot  performance  problem  solutions  to  be  devised,  the  approach  must 
exhibit  a  design  emphasis. 

The  present  study  was  undertaken  with  the  objectives  of  (1)  identifying  major  pilot 
performance  problems  in  general  aviation,  (2)  specifying  the  nature  of  the  human  factors 
information  needed  to  solve  such  problems,  and  (3)  analyzing  the  implications  of  such 
information  needs  for  planning  future  human  factors  research.  To  accomplish  these 
objectives,  a  wide  variety  of  documental  and  interview  information  was  collected  concerning 
the  performance  problems  of  general  aviation  pilots  and,  when  relevant,  of  pilots  in 
general.  The  analysis  of  this  information  was  structured  through  the  use  of  a  conceptual 
model  of  the  complex  of  factors  affecting  pilot  performance  in  general  aviation.  The 
central  premise  of  this  model  is  that  pilot  performance  problems  result  from  incongruities 
between  task  or  performance  demands  made  on  the  pilot  and  his  physical,  physiological,  and 
psychological  capabilities  to  meet  those  demands.  Thus,  individual  actions  that  can  be  taken 
to  reduce  pilot  performance  problems  must  increase  pilot  capabilities  and/or  reduce  task 
demands.  The  identification,  management,  and  modification  of  those  factors  that  affect 
task  demands  and/or  pilot  capabilities  is  the  key  to  improved  safety.  Such  factors  that 
affect  task  demands  and  pilot  capabilities  are  referred  to  as  system  components  in  this 
model. 

In  the  development  of  the  model,  six  such  components  were  identified.  Three  of  these 
interact  to  influence  task  demands,  while  the  other  three  interact  to  influence  pilot 
capabilities.  Those  components  that  influence  task  demands  are:  (1)  aircraft,  (2) 
airports,  and  (3)  aeronautical  information  systems.  Those  that  influence  pilot  capabilities 
are:  (1)  the  pilot  certification  and  rating  structure,  (2)  training  and  assessments  of  pilot 
proficiency  for  these  certificates  and  ratings,  and  (3)  continuation  training  and  recurrent 
assessments  of  pilot  proficiency. 

In  application  of  this  model,  the  key  to  the  solution  of  pilot  performance  problems  lies  in 
the  design  of  each  of  these  components.^  That  is,  each  component  must  be  designed  so  as 
to  interact  with  other  components  to  attain  or  maintain  congruity  between  task  demands 
and  pilot  capabilities.  Because  of  the  diverse  nature  of  general  aviation,  however,  each  of 
these  components  typically  is  designed  by  different  personnel  working  independently  of  one 
another.  Since  there  is  not  a  single  system  designer  responsible  for  integrating  all  the 
components,  each  of  these  independent  component  designers  has  the  responsibility,  wittingly 

The  term  "process"  is  used  here  to  denote  the  task  demand  and  pilot  capability 
factors  and  the  manner  in  which  they  interact  to  produce  pilot  performance. 

2 

The  reader  is  reminded  again  that  the  usage  of  the  terms  "component*  and  "design* 
in  this  discussion  should  not  be  interpreted  in  a  strictly  hardware  sense.  The  general 
j.iHtmn  system  has  'software"  components  -  -e.g.,  training,  pilot  certification  structure, 
*>  .  that  must  be  "designed*  just  as  is  the  aircraft  or  its  associated  hardware 


or  unwittingly,  for  selecting  from  among  the  design  alternatives  pertinent  to  his  component, 
and,  as  a  consequence,  for  aiding  or  hindering  the  achievement  of  the  overall  system  goal 
of  harmony  between  task  demands  and  pilot  capabilities. 

Such  determinations  require  that  these  component  design  personnel  have  information  about 
system  interrelationships  and  the  effects  of  design  alternatives  on  pilot  performance.  When 
such  information  is  incomplete  or  absent,  a  human  factors  design  issue  exists.  In  accord 
with  the  model,  then,  human  factors  research  is  needed  to  generate  the  data  required  to 
support  design  decisions.  These  human  factors  design  issues  serve  as  the  basic  units  for 
describing  research  needs.  Some  35  such  issues  were  identified  in  the  present  study 
through  analysis  of  the  documental  and  interview  information  collected. 

GENERAL  CHARACTERISTICS  OF  ISSUES. 

The  human  factors  design  issues  that  were  identified  are  listed  in  Appendix  C  and  have 
been  discussed  in  detail  in  Chapters  II  through  VII.  While  each  of  these  issues  addresses 
a  different  design  consideration,  they  share  several  common  characteristics.  First,  by 
definition,  each  of  the  issues  describes  a  requirement  for  information  needed  to  design  or 
modify  elements  of  the  system  components  in  such  manner  as  to  enhance  pilot  performance. 
Some  of  the  information  needs  pertain  to  current  or  existing  pilot  performance  problems, 
while  others  are  derived  from  future  or  predicted  pilot  performance  problems.  While 
future  general  aviation  pilot  performance  problems  will  have  much  in  common  with  those  of 
the  present  and  past,  the  changes  projected  for  the  future  in  general  aviation  aircraft, 
equipment,  and  missions,  along  with  changes  in  the  National  Airspace  System,  will  introduce 
a  number  of  new  pilot  performance  problems,  as  well  as  complicating  many  of  the  old 
ones. 

In  addition,  these  issues  all  will  require  systematic  research  to  collect  the  information 
needed  for  design  purposes.  Each  of  the  issue  areas  requires  a  comprehensive  and 
systematic  supporting  human  factors  data  base  on  which  specific  design  decisions  can  rest. 
Such  data  bases  are  necessary  for  enlightened  design  decisions,  whether  the  decision  be  a 
routine  design  -development  decision  for  a  component  or  element  thereof,  or  a  design 
modification  decision  for  a  component  related  to  some  critical  occurrence  such  as  a  series 
of  accidents. 

It  follows  from  the  preceding  that  the  research  required  to  resolve  the  various  issues 
should  be  organized  and  programmatic  in  nature.  That  is  to  say  that  those  areas  of  human 
factors  research  concern  relevant  to  pilot  performance  should  be  pursued  in  a  continuing 
series  of  research  activities  that  will  develop  the  technology  base  required  to  deal 
effectively  with  pilot  performance  in  its  entirety.  The  support  of  such  programmatic 
research  efforts  on  a  sustained  basis  will  produce  the  greatest  long-term  benefits  for  the 
general  aviation  community.  As  has  been  noted,  reactive  research  to  symptomatic  problems 
will  continue,  but  prevention  of  problems  before  they  become  acute,  or  immediate  response 
to  them  when  they  become  acute,  both  require  that  the  necessary  research  to  develop  the 
information  base  have  been  done  beforehand  in  anticipatory  fashion. 

HIGH  PRIORITY  ISSUES. 

While  all  of  the  35  issues  were  deemed  to  be  important,  they  were  groiped  into  three 
categories  with  respect  to  their  relative  research  priorities  to  aid  research  managers  in 
the  use  of  the  results  of  this  effort.  The  procedures  and  criteria  employed  to  make  this 
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judgment  are  described  in  Chapter  I,  and  the  category  to  which  each  issue  was  assigned  is 
listed  in  Appendix  C. 


Nine  issues  were  grouped  into  the  category  representing  the  highest  priority.  These 
issues1  pertained  to  the  determination  of: 

(1)  requirements  for  human  factors  engineering  standards  and  guidance  for  aircraft 
controls  and  displays; 

(5)  requirements  for  integrated  flight  management  systems; 

(15)  requirements  for  communications  between  general  aviation  pilots  and  air  traffic 
control  personnel; 

(19)  task  subsets  for  current  certificates  and  ratings; 

(22)  training  requirements  for  certificates  and  ratings; 

(27)  instructor  training  requirements; 

(32)  requirements  for  continuation  training; 

(34)  requirements  for  recurrent  reviews  of  pilot  proficiency;  and 

(35)  guidance  for  structuring  the  Biennial  Flight  Review. 

Specific  information  and  discussions  concerning  the  reasons  these  issues  were  rated  highest 
in  priority  are  contained  in  the  treatment  of  each  of  the  issues  bcated  in  the  main  body 
of  this  report.  However,  certain  general  reasons  related  to  the  priority  of  these  issues 
should  be  noted.  For  example,  the  design  of  the  pilot -aircraft  interface  is  obviously  a 
major  determinant  of  the  demands  placed  upon  the  pilot.  Thus,  Issue  #1  was  given  a  high 
priority  because  it  addresses  needs  for  standards  and  guidance  information  that  is  central 
to  the  improvement  of  the  design  of  such  interfaces.  Without  an  understanding  of 
requirements  for  human  factor  standards  and  guidance  (Issue  #1),  it  is  impossible  to 
develop  such  information  systematically.  In  turn,  without  systematic  human  factors 
standards  and  guidance,  it  is  difficult  to  make  informed  decisions  concerning  the  design  of 
pilot -aircraft  interfaces. 

The  research  proposed  in  Issue  #1  will  likely  provide  a  sufficient  information  base  to 
guide  the  improvement  and  standardization  of  conventional  aircraft  controls  and  displays. 
However,  the  rapid  changes  that  are  occurring  in  control  and  display  technologies  suggest 
that  many  of  the  conventional  control -display  concepts  will  be  radically  altered  or  replaced 
altogether,  rather  than  simply  exhibiting  the  leisurely  evolutionary  changes  of  the  past. 
These  radical  alterations  have  been  labeled  here  as  ‘integrated  flight  management  systems* 
for  purposes  of  discussion.  Given  the  revolutionary  changes  and  opportunities  afforded  by 
the  use  of  microprocessors  and  related  digital  technologies  in  the  development  of  such 
integrated,  multipurpose  systems,  it  was  felt  a  similarly  revolutionary  approach  was  needed 


The  number  beside  each  issue  corresponds  to  its  ‘Issue  #*  or  position  in  the 
sequence  of  issues  in  Chapters  II  through  VIII. 
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to  determine  how  such  technology  should  be  employed  in  general  aviation  (Issue  #5).  Such 
an  approach  is  available  through  the  use  of  the  systems  analysis  and  design  techniques  that 
were  developed  to  guide  the  incorporation  of  human  factors  considerations  into  the  design 
of  complex  aircraft,  space  vehicles,  and  other  types  of  complex  man -machine  systems. 
The  use  of  such  techniques  will  allow  systematic  determination  of  effective  applications  of 
microprocessors  and  related  technology  to  the  design  of  the  general  aviation  pilot -aircraft 
interface  and  of  the  role  of  the  pilot  with  respect  to  these  applications.  The  results  of 
such  analyses  can  be  used  to  guide  exploration  of  these  and  related  technology  to  the 
design  of  the  general  aviation  pilot -ai rc raft  applications.  Unguided,  the  exploitation  of  the 
great  power  and  flexibility  that  microprocessors  and  related  technologies  afford  to  the 
control -display  designer  may  result  in  a  proliferation  of  non  -optimal,  substandard,  and 
possibly  even  dangerous  displays  and  controls.  Such  irtguided  proliferation  is  virtually 
certain  to  produce  some  negative  influences  on  pilot  performance  in  the  long  run. 

The  incorporation  of  microprocessors  and  associated  technologies  into  air  traffic  control 
systems  will  also  have  a  substantial  influence,  particularly  on  the  nature  of  future 
communications  and  information  interchanges  between  air  traffic  controllers  and  general 
aviation  pilots.  Indeed,  the  achievement  of  the  potential  increases  in  the  efficiency  and 
effectiveness  of  air  traffic  control  due  to  the  use  of  such  technology  will  depend  in  large 
part  on  the  adequacy  of  these  communications,  both  oral  and  data  link,  with  respject  to 
information  needs  of  general  aviation  pilots.  Thus,  Issue  #15  was  given  a  high  priority 
because  of  the  pervasive  nature  and  criticality  of  such  communications  and  their  changing 
nature.  Changes  in  the  design  of  air  traffic  control  systems,  as  well  as  in  the  design  of 
general  aviation  aircraft,  will  take  place  over  many  years.  Research,  such  as  that 
suggested  in  Issues  #1,  #5,  and  #15  is  needed  to  guide  the  conceptualization  and  planning 
of  such  changes  in  an  effective  manner.  Thus,  human  factors  research  is  needed  now  to 
provide  such  a  basis.  Once  future  hardware  systems  have  been  designed  and  developed,  it 
will  be  much  more  difficult  and  expensive  to  alter  them  to  incorporate  modifications 
necessary  to  enhance  pilot  performance. 

Research  must  also  be  conducted  that  is  oriented  toward  improving  the  capabilities  of 
general  aviation  pilots.  In  fact,  six  of  the  nine  issues  that  were  rated  highest  in  priority 
are  concerned  with  research  aimed  at  pilot  capabilities  (Issues  #19,  #22,  #27,  #32,  #34, 
and  #35).  The  pilot  certification  and  rating  structure  is  the  basic  mechanism  for  matching 
pilot  capabilities  with  task  demands,  and  there  is  an  urgent  need  to  determine  exactly  what 
tasks  are  required  and  permitted  by  the  various  certificates  and  ratings  (Issue  #19).  The 
results  of  such  research  would  not  only  serve  as  a  comprehensive  basis  for  subsequent 
study  of  the  need  for  new  entry  level  requirements,  certificates,  and  ratings,  but  also  for 
research  on  training,  aircraft  design  and  almost  all  other  system  components.  Indeed,  if 
one  were  seeking  the  most  effective  design  integration  of  the  various  general  aviation 
components,  the  conduct  of  mission  analyses  would  be  the  first  step  in  the  design  of  the 
system.  Such  mission  analyses  could  serve  as  a  common  foundation  for  research  planning 
and  design  efforts  by  separate  organizations. 

The  specification  of  mission  requirements  does  not  provide  all  the  information  that  is 
needed  to  determine  the  training  that  is  required  for  those  missions.  Such  information  is 
determined  through  the  analysis  of  what  must  be  learned  by  personnel  entering  into  training 
to  be  able  to  perform  those  missions.  Thus,  Issue  #22  was  rated  high  in  priority  because 
it  focuses  on  research  needed  to  identify  comprehensive  sets  of  training  requirements  for 
the  different  certificates  and  ratings.  Such  research  is  needed  because  the  performance  of 
general  aviation  pilots  depends  on  the  comprehensiveness  and  effectiveness  with  which  their 


training  addresses  their  total  needs.  While  numerous  independent  proposals  have  been  made 
to  modify  pilot  training  to  address  various  specific  pilot  performance  problems,  such 
proposals  need  to  be  analyzed  in  terms  of  their  relationships  to  the  different  subsets  of 
training  requirements  for  each  certificate  and  rating.  Moreover,  training  requirements 
research  is  also  needed  to  promote  and  facilitate  the  development  of  training  programs  to 
prepare  pilots  for  future  changes  in  aircraft  and  the  National  Airspace  System. 

The  key  to  effective  instruction  for  all  certificates  and  ratings  lies  in  the  ability  of  the 
certificated  flight  instructor  to  teach  the  student.  The  instructor  provides  the  principal 
interface  between  the  student  and  the  various  training  operations.  Accordingly,  Issue  #27 
was  rated  high  in  priority.  It  highlights  the  need  for  programmatic  research  to  determine 
comprehensive  requirements  for  instructor  training.  Given  the  key  role  of  the  instructor, 
such  research  is  necessary  if  flight  training  is  to  be  modified  to  enhance  the  performance 
of  general  aviation  pilots.  Moreover,  this  research  is  needed  to  determine  how 
organizational  and  economic  problems  that  restrict  instructor  training  at  present  can  be 
circumvented. 

Finally,  one  of  the  most  urgent  needs  for  research,  with  respect  to  the  determination  of 
methods  for  improving  pilot  capabilities,  pertains  to  the  continued  training  and  recurrent 
assessment  of  the  proficiency  of  certificated  pilots  (Issues  #32,  #34,  and  #35).  There 
are  several  reasons  for  this  urgency.  To  begin  with,  actions  that  are  identified  through 
such  research  will  affect  all  pilots.  Given  the  extent  of  this  potential  impact,  any 
proposals  to  modify  continuation  training  or  recurrent  proficiency  tests  will  need  to  be 
supported  by  substantial  evidence  that  such  modifications  are  indeed  effective,  efficient, 
practical,  and  needed.  To  obtain  such  evidence,  research  is  required  that  will  (1) 
determine  comprehensive  training  and  proficiency  testing  requirements;  (2)  assess 
objectively  the  extent  to  which  current  training  and  testing  fulfill  these  requirements;  (3) 
determine  what  modifications  to  training  and  proficiency  testing  need  to  be  made;  and  (4) 
generate  information  that  demonstrates  that  such  modifications  will  improve  pilot 
performance.  While  it  is  apparent  that  post  training  and  proficiency  assessment  techniques 
have  served  general  aviation  well,  as  the  flight  task  demands  grow  and  as  the  National 
Airspace  System  increases  in  complexity,  these  factors  need  to  be  examined  systematically 
and  revised  where  appropriate.  Continuation  training  and  proficiency  assessment  are  the 
only  real  means  for  effectively  influencing  and  managing  the  performance  capabilities  of 
the  general  aviation  pilot  population.  Hence,  the  issues  identified  in  these  areas  are 
extremely  critical  to  direct  solutions  to  pilot  performance  problems. 

These  high  priority  human  factors  issues  are  important,  as  are  the  other  issues  identified 
in  this  effort.  Each  deals  with  a  pilot  performance  problem  area  of  concern  to  general 
aviation.  However,  certain  aspects  of  the  likely  future  circumstances  of  general  aviation 
will  serve  to  magnify  or  exacerbate  most  of  these  problems.  The  kinds  of  changes  that 
microprocessors  arid  display  technologies  offer  have  been  noted.  These  technologies  with 
their  tremendous  flexibility  of  application  are  likely  to  result  in  rates  of  change  in  pilot 
task  demands  far  greater  than  those  experienced  by  general  aviation  in  the  past,  thus 
highlighting  the  urgency  of  needed  human  factors  research  in  these  areas.  Another 
complex  of  factors  that  will  perhaps  be  of  overwhelming  importance  are  the  various  effects 
that  will  result  from  escalating  fuel  costs  and  decreasing  fuel  availability.  It  seems 
certain  that  many  general  aviation  pilots  will  fly  less  in  the  years  to  come  because  of 
these  factors.  Consequently,  retention  and  forgetting  of  flight  skills  and  ways  to  alleviate 
adverse  effects  will  loom  ever  larger  in  importance.  Further  complicating  this  concern  is 
the  ever  increasing  procedural  complexity  of  both  general  aviation  aircraft  and  the  National 
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Airspace  System,  since  it  is  known  that  the  forgetting  of  procedural  skills  is  generally 
quite  rapid.  In  any  event,  research  solutions  to  these  problem  areas  must  deal  with 
training  content  and  proficiency  assessment,  and  with  new  approaches  in  training  including 
devices  and  other  supporting  media. 

NEED  FOR  A  HUMAN  FACTORS  RESEARCH  MANAGEMENT  SYSTEM. 

In  reviewing  this  substantial  body  of  literature  pertinent  to  general  aviation  pilot 
performance  problems  and  in  interviewing  a  broad  sampling  of  general  aviation  personnel, 
the  enthusiasm  of  the  individuals  and  organizations  involved  and  their  serious  concern  with 
flight  safety  became  clearly  evident.  While  this  effort  has  concentrated  on  problem 
identification  and,  by  implication,  needed  changes,  it  must  be  noted  that  great  strides  have 
been  made  in  general  aviation  safety  in  spite  of  the  increases  in  its  size  and  the 
complexity  of  its  equipment  and  operations.  Thus,  the  fact  that  the  emphasis  here  has 
been  on  pilot  performance  problems  should  not  obscure  the  achievements  and  progress  that 
have  been  made. 

Taken  as  a  whole,  the  35  issues  that  have  been  identified  indicate  that  there  is  much  yet 
to  be  done  to  alleviate  pilot  performance  problems.  As  has  been  noted,  research  programs 
to  settle  these  various  issues  differ  in  terms  of  their  relative  priorities,  but  all  are 
important  to  an  effective  general  aviation  system.  However,  in  reviewing  these  issues  and 
their  related  research  needs,  and  in  examining  the  profusion  of  research  efforts  from  the 
past,  it  became  apparent  that  there  exists  an  ’issue"  that  relates  to  all  of  the  35  issues 
identified,  one  that  is  of  superordinate  importance  to  human  factors  progress  in  general 
aviation.  That  issue  is  the  need  for  an  integrated  research  management  structure  for 
human  factors  research  in  general  aviation. 

The  findings  of  this  report  represent  an  initial  attempt  to  provide  an  organizing  framework 
for  human  factors  and  to  develop  the  use  of  the  systems  approach  in  the  general  aviation 
context.  The  full  development  of  such  an  approach  will  require  the  establishment  of  a 
human  factors  research  management  system.  The  goals  of  this  system  would  include  at 
least  the  following:  (1)  that  general  aviation  human  factors  design  issues  be  defined  a  1 
refined  on  a  continuing  basis  in  future  years;  (2)  that  programmatic  research  be  planned 
and  conducted  to  address  these  issues  in  a  coordinated  and  integrated  fashion  and  to 
provide  required  design  data  bases;  and  (3)  that  the  results  of  such  research  be  dissemi¬ 
nated  throughout  general  aviation  and  implemented  and  evaluated  in  operational  contexts. 

While  the  conceptual  model  developed  for  the  present  study  and  the  issues  identified  in  this 
report  furnish  a  foundation  for  the  development  of  such  a  research  management  system, 
additional  effort  is  needed  to  define  in  detail  the  functional  requirements  for  it.  For 
example,  one  of  the  functions  of  such  a  system  would  be  to  acquire,  organize  for  easy 
access,  and  analyze  information  that  identifies  pilot  performance  problems  and  associated 
human  factors  design  issues.  Such  information  would  include  (1)  accident  and  incident 
data;  (2)  data  aside  from  accidents  and  incidents  that  describe  occurrences  of  pilot  per¬ 
formance  problems  (e.g.,  flight  'assists*  by  air  traffic  controllers,  regulatory  reports  of 
perturbations  in  daily  operations);  (3)  results  of  ongoing  and  past  human  factors  research 
in  general  aviation;  (4)  results  of  other  human  factors  research  in  aviation  and  elsewhere 
( i*e.,  all  man -machine  systems)  that  is  related  to  general  aviation  problems;  (5)  analyses 
of  the  potential  of  new  technologies  for  use  in  the  design  of  any  of  the  system 
components;  and  (6)  projections  of  change  in  general  aviation  and  the  National  Airspace 
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System.  With  respect  to  this  one  function,  research  is  needed  (1)  to  identify  sources  of 
such  information,  (2)  determine  their  utility  for  identifying  human  factors  issues  and 
solutions  to  these  issues,^  (3)  determine  how  information  from  such  sources  could  be 
improved,  and  (4)  develop  taxonomies  and  procedures  for  organizing  the  in  format  bn  for 
subsequent  analysis. 

Ideally,  the  entire  management  system  would  be  operated  as  part  of  a  larger  aviatbn 
research  management  system  that  coordinated  research  on  all  human  factors  issues  (e.g., 
research  concerned  with  crash  survivability)  as  well  as  all  engineering  research  concerned 
with  the  development  of  advanced  technology  for  the  design  of  aircraft,  air  traffic  control 
systems,  and  other  equipment  systems.  Such  coordination  would  be  necessary  to  assure 
that  the  effectiveness  of  general  aviation  pilot  performance  is  considered  as  a  major 
factor  in  the  design  of  the  National  Aviation  System.  Functional  requirements  for  the 
human  factors  research  management  system,  however,  should  be  developed  separately  to 
assure  that  the  full  scope  and  complexity  of  human  factors  considerations  are  recognized. 
Given  the  importance  of  research  to  define  these  requirements  with  respect  to  the  provi¬ 
sion  of  comprehensive  information  to  guide  the  design  of  the  system  components,  the  need 
for  such  an  effort  is  ranked  higher  than  any  other  issues  identified  in  this  report. 

The  development  of  a  human  factors  research  management  system  would  bring  a  desired 
degree  of  order  to  what  is  now  a  rather  diverse  series  of  research  efforts  and  projects, 
often  with  little  or  no  interchange  of  ideas  and  technology.  A  good  deal  more  is  known  in 
the  human  factors  areas  than  has  been  applied  in  general  aviation.  The  achievement  of  a 
constructive  and  effective  technology  transfer  both  into  and  out  of  general  aviation  would 
be  a  major  goal  of  the  human  factors  research  management  system  described.  The  benefits 
of  such  research  management  would  be  substantial,  and,  considering  the  imminent  changes 
looming  for  general  aviation,  the  penalties  of  non  - integ rated  research  management  will  be 
paid  in  time,  money,  and  human  resources. 


77 


REFERENCES 


Aarons,  R.  N.  Always  leave  yourself  an  out.  Business  and  Commercial  Aviation,  1973. 

Adams,  R.  J.  An  operational  evaluation  of  flight  technical  error  (FAA-RD-76-33). 

Washington,  DC:  Federal  Aviation  Administration,  July  1975.  (NTIS  No.  AD-042  796) 

Aircraft  Owners  and  Pilots  Association.  The  truth  about  general  aviation.  Washington, 
DC:  Author,  1968. 

Albrecht,  A.  P.  A  reply  to  the  AIAA  aircraft  operations  committee.  Astronautics  & 
Aeronautics,  1980,  _1_8( 2 ) ,  14;  45. 

Anderson,  R.  O.  A  new  approach  to  the  specification  and  evaluation  of  flying  qualities 
(AFFDL-TR-69-120).  Wright -Patterson  AFB,  OH:  Air  Force  Flight  Dynamics 

Laboratory,  1970. 

Aviation  Advisory  Commission.  General  aviation.  Washington,  DC:  Author,  May  1972. 
(NTIS  No.  PB-216  400) 

Bain,  D.  The  case  against  private  aviation.  New  York:  Cowles  Book  Company,  Inc.,  1969. 

Beaty,  D.  The  human  factor  in  aircraft  accidents.  London:  Seeker  and  Warburg,  Ltd., 
1969. 

Bergey,  K.  H.  Assessment  of  new  technologies  for  general  aviation  aircraft  (FAA-RD- 
78-132).  Washington,  DC:  Federal  Aviation  Administration,  September  1978. 

Bolz,  'I.  &  Eisele,  J.  E.  General  aviation  IFR  operational  problems  (NASA-CR-159022). 
■>hington,  DC:  National  Aeronautics  and  Space  Administration,  April  1979. 

Boody,  P.  Biennial  shell  game.  Flying,  1980,  196(5),  79-90. 

Booher,  H.  R.  lob  performance  aids:  Research  and  technology  state-of-the-art  (NPRDC- 
TR- 78-26).  San  Diego,  CA:  Navy  Personnel  Research  and  Development  Center,  July 
1978. 

Booze,  Jr.,  C.  F.  An  epidemiologic  investigation  of  occupation,  age,  and  exposure  in 
general  aviation  accidents  (FAA-AM -77-10).  Washington,  DC:  Federal  Aviation 

Administration,  March  1977.  (NTIS  No.  AD-A040  978) 

Brantigan,  J.  When  being  on  oxygen  is  not  enough.  The  AOPA  Pilot,  1974,  T_7 ( 8 ),  38-40. 

Bryan,  G.  L.,  &  Regan,  J.  I.  Training  system  design.  In  H.  P.  Van  Cott  &  R.  G.  Kincade 
(Eds.),  Human  engineering  guide  to  equipment  design  (Rev.  ed.).  Washington,  IX: 

American  Institutes  for  Research,  1972. 


Buckley,  E.  P.,  House,  K.,  &  Rood,  R.  Development  of  a  performance  criterion  for  air 
traffic  control  personnel  research  through  air  traffic  control  simulation 

(FAA-RD-78-71).  Washington,  DC:  Federal  Aviation  Administration,  July  1978. 

(NTIS  No.  AD-A058  082) 

Burns,  N.  M.,  Chamber,  R.  M.,  &  Hendler,  E.  Unusual  environments  and  human  behavior. 
London:  Free  Press  of  Glencoe,  1963. 

Caro,  P.  W.  Aircraft  simulators  and  pilot  training.  Human  Factors,  1973,  15,  502-509. 

Caro,  P.  W.  Some  current  problems  in  simulator  design,  testing  and  use  (HumRRO- 

PP-2-77).  Alexandria,  VA:  Human  Resources  Research  Organization,  March  1977. 

Caro,  P.  W.,  Pohlmann,  L.  D.,  &  Is  ley,  R.  N.  Development  of  simulator  instructional 

feature  design  guides  (Tech.  Rep.  TR  79-12).  Pensacola,  FL:  Seville  Research 

Corporation,  October  1979. 

Caro,  P.  W.,  Shelnutt,  J.  B.,  &  Spears,  W.  D.  Utilization  of  aircrew  training  devices 

(Tech.  Rep.  TR  80-01).  Pensacola,  FL:  Seville  Research  Corporation,  February  1980. 

Chapanis,  A.  Research  techniques  in  human  engineering.  Baltimore,  MD:  The  Johns 

Hopkins  University  Press,  1959. 

Charles,  J.  P.  Instructor  pilot's  role  in  simulation  training  (Phase  II) 

(NAVTRAEQUIPCEN-76-C-0034-1).  Orlando,  FL:  Naval  Training  Equipment  Center, 

August  1977. 

Chien,  R.  T.  Pi  the  importance  of  program  intelligence  to  advanced  automation  in  flight 
operations.  Urbana,  IL.  University  of  Illinois  at  Urbana -Champaign,  /’pril  1977. 

(NTIS  No.  AD-A042  915) 

Childs,  J.  M.  An  analytic  technique  for  identifying  inflight  performance  criteria 
(WP-DAHC-19-77-C-0008).  Fort  Rucker,  AL:  Canyon  Research  Groip,  Inc.,  4pril 
1978. 

Childs,  J.  M.,  &  Halcomb,  C.  G.  Effects  of  noise  and  response  complexity  ipon  vigilance 
performance.  Perceptual  and  Motor  Skills,  1972,  _35,  735-741. 

Collins,  R.  L.  A  time  for  strength.  Flying,  1980a,  106(1),  21. 

Collins,  R.  L.  Flaws  in  flying  regs.  Flying,  1980b,  106(3),  32. 

Collins,  W.  E.,  Hasbrook,  A.  H.,  Lennon,  A.  O.,  &  Gay,  D.  J.  Disorientation  training  in 

FAA-certif ied  flight  and  ground  schools  -  a  survey  (FAA-AM  77-24).  Washington, 

DC:  Federal  Aviation  Administration,  September  1977.  (NTIS  No.  AD-A047  718) 

Connor,  T.  M.,  &  Hamilton,  C.  W.  Evaluation  of  safety  programs  with  respect  to  the 
causes  of  general  aviation  accidents.  Volume  I:  Technical  report.  Columbus,  OH: 
Battelle  Columbus  Laboratories,  1979  (Draft). 


79 


Cooper,  G.  E.,  &  Harper,  R.  P.  The  use  of  pilot  rating  in  the  evaluation  of  aircraft 
handling  qualities  (NASA  TN  D-5153).  Washington,  DC:  National  Aeronautics  and 
Space  Administration,  1969. 

Couch,  E.  V.,  Hill,  R.  M.,  Kolankiewicz,  T.,  &  Skelton,  G.  Accident  data  systems  study 

requirements  analysis  for  an  FAA  accident  data  system  (FAA-NA-79-172). 

Washington,  DC:  Federal  Aviation  Administration,  August  1979.  (NTIS  No.  AD-A075 
611) 

Crawford,  M.  P.,  Sol lenberger,  R.  T.,  Ward,  L.  B.,  Brown,  C.  W.,  &  Chisel li,  E.  E.  Psy¬ 

chological  research  on  operational  training  in  the  continental  air  forces  (Rep.  No.  16). 
Washington,  EX):  U.S.  Government  Printing  Office,  1947. 

Crook,  W.  C.  Experimental  assessment  of  ground  trainers  in  general  aviation  pilot  training 
( FAA -ADS - 67 - 5).  Washington,  DC:  Federal  Aviation  Administration,  1967.  (NTIS 

No.  AD- 652  371) 

Crosby,  ).  V.,  Pbhlmann,  L.  D.,  Leshowitz,  B.  &  Waag,  W.  L.  Evaluation  of  a  low  fidelity 
simulator  (LFS)  for  instrument  training  (AFHRL-TR-78-22).  Brooks  AFB,  TX:  Air 

Force  Human  Resources  Laboratory,  July  1978. 

Curry,  R.  E.  The  analysis  of  the  pilots'  cognitive  and  decision  processes  (NASA-CR-145- 
739).  Washington,  EX:  National  Aeronautics  and  Space  Administration,  August  1975. 
(NTIS  No.  N76-1 1 722) 

Czuchry,  A.  J.,  Engel,  H.  E.,  Dowd,  R.,  Baran,  H.  A.,  Dieterly,  D.,  &  Greene,  R.  Mid-1980s 
digital  avionics  informal  on  system  conceptual  design  configuration  (AFHRL-TR-76-59). 
Brooks  AFB,  TX:  Air  Force  Human  Resources  Laboratory,  July  1976.  (NTIS  No. 
AD-A032  137) 

DeGreene,  K.  B.  Systems  psychology.  New  York:  McGraw-Hill,  1970. 

Del  Balzo,  J.  M.  Air  traffic  control  in  the  year  2000  (FAA-NA-78-4).  Washington,  EX: 
Federal  Aviation  Administration,  November  1977.  (NTIS  No.  AD-A064  826) 

Department  of  Defense.  Human  engineering  design  criteria  for  military  systems,  equipment, 
and  facilities  (MIL -STD-1472B).  Washington,  EX:  Author,  1974. 

(Department  of  the  Air  Force.  AFSC  design  handbook  1  -3,  human  factors  engineering  (Third 
Edition).  Andrews  AFB,  EX:  Headquarters,  Air  Force  Systems  Command,  January 

1977. 

Department  of  the  Army.  Human  factors  engineering  design  for  Army  material 
(M IL -HDBK - 759).  Redstone  Arsenal,  AL:  U.S.  Army  Missile  Command,  March  1975. 

[Department  of  Transportation,  &  National  Aeronautics  and  Space  Administrat bn.  Joint 
DOT -NASA  Civil  Aviation  Research  and  [Development  Policy  Study  Report  (DOT 
TST-10-4/NASA  SP-265).  Washington,  DC:  Author,  March  1971a. 


80 


Department  of  Transportation,  &  National  Aeronautics  and  Space  Administration.  )oint 
DOT -NASA  civil  aviation  research  and  development  policy  study  -  sipporting  papers 
(DOT  TST- 10 -5/NASA  SP-266).  Washington,  DC:  Author,  March  1971b. 

Dille,  J.  R.,  &  Booze,  C.  F.  The  1975  accident  experience  of  civilian  pilots  with  static 
physical  defects  ( FAA-AM -77 -20).  Washington,  DC:  Federal  Aviation  Administration, 
August  1977.  (NTIS  No.  AD-A045  429) 

Dille,  J.  R.,  &  Mohler,  S.  R.  Drug  and  toxic  hazards  in  general  aviation 

( FAA-AM -68-1 6).  Washington,  DC:  Federal  Aviation  Administration,  September  1968. 
(NTIS  No.  AD- 686  670) 

Dille,  J.  R.,  &  Morris,  E.  W.  Human  factors  in  general  aviation  accidents.  Washington, 

DC:  Federal  Aviation  Agency,  July  1966.  (NTIS  No.  AD- 640  971) 

Dosch,  V.  F.  Federal  Aviation  Administration  research  and  development  programs  for 
airports.  Proceedings  of  the  First  FAA  General  Aviation  Research  and  Development 
Conference.  Washington,  DC:  Federal  Aviation  Administration,  August  1977. 

Dosch,  V.  F.  Marking  and  lighting  of  unpaved  runways  (NA-78-34 -LR).  Atlantic  City, 

NJ:  National  Aviation  Facilities  Experimental  Center,  May  1978. 

Dosch,  V.  F.  Low-cost  visual  approach  slope  indicators  (NA-78-52-LR).  Atlantic  City, 

NJ:  National  Aviation  Facilities  Experimental  Center,  February  1979. 

Eddowes,  E.,  McRee,  P.,  Matheny,  W.,  &  Crowder,  N.  Preliminary  operational  evaluation  of 
an  audiovisual  instrument  training  device  (AFHRL -TR -75 -49).  Brooks  AFB,  TX:  Air 
Force  Human  Resources  Laboratory,  July  1975.  (NTIS  No.  AD-A016  487) 

Edmonds,  J.  D.,  Pursel,  R.  H.,  &  Gallagher,  J.  A  flight  investigation  of  system  accuracies 
and  operational  capabilities  of  a  general  aviation  area  navigation  system 
(FAA-RD-77-43).  Washington,  DC:  Federal  Aviation  Administration,  June  1977. 

(NTIS  No.  AD-A042  846) 

Edwards,  C.  An  analysis  of  aviation  safety  information  (FAA-MS-76-1 ).  Washington,  J3C: 
Federal  Aviation  Administration,  November  1975.  (NTIS  No.  AD-A020  549) 

Eggspuehler,  J.  J.  The  accident  record  in  terms  of  the  pilot.  Proceedings  of  the 

Princeton  University  Conference  on  General  Aviation  Safety  (FAA-RD-74-154). 
Washington,  DC:  Federal  Aviation  Administration,  October  1974.  (NTIS  No.  AD-A003 
124) 

Eggspuehler,  J.  J.,  &  Weislogel,  G.  S.  Study  to  determine  the  flight  profile  and  mission 
of  the  certified  private  pilot  (FAA-DS-68-15).  Washington,  DC:  Federal  Aviation 
Administration,  July  1968.  (NTIS  No.  AD-675  818) 

Eldredge,  D.,  Goldburg,  B.,  &  Crimbring,  W.  An  evaluation  of  modified  RNAV  terminal 
procedures  using  a  single -way  point  RNAV  system  (FAA-RD- 78-27).  Washington,  DC: 
Federal  Aviation  Administration,  /April  1978.  (NTIS  No.  AD-A054  510) 


81 


m 


Ellis,  D.  R.  Flying  qualities  of  small  general  aviation  airplanes  -  Part  2  (FAA-RD- 

70-65).  Washington,  DC:  Federal  Aviation  Administration,  April  1970.  (NTIS  No. 

AD-715  582) 

Ellis,  D.  R.  Flying  qualities  of  small  general  aviation  airplanes  -  Part  4  (FAA-RD-71- 

118).  Washington,  EC:  Federal  Aviation  Administration,  December  1971.  (NTIS  No. 
AD- 739  880) 

Ellis,  D.  R.  General  aviation  handling  qualities  research.  Proceedings  of  the  Princeton 

University  Conference  on  General  Aviation  Safety  (FAA-RD-74-154).  Washington,  DC: 
Federal  Aviation  Administration,  October  1974.  (NTIS  No.  AD-A003  124) 

Ellis,  D.  R.,  &  Griffith,  C.  L.  A  study  of  longitudinal  controllability  and  stability 

requirements  for  small  general  aviation  airplanes  (  FAA -RD- 78 -1 13).  Washington,  EG: 
Federal  Aviation  Administration,  August  1978.  (NTIS  No.  AD-A060  467) 

Ellis,  D.  R.,  &  Steinberger,  J.  A  study  of  lightplane  stall  avoidance  and  suppression 

(FAA-RD-77-25).  Washington,  EG:  Federal  Aviation  Administration,  February  1977. 
(NTIS  No.  AD-A039  223) 

Elson,  B.  M.  Navy  expands  simpler  cockpit  displays.  Aviation  Week  &  Space  Technology, 
1977,  107(2),  59-64. 

Eschenbrenner,  A.  Effects  of  intermittant  noise  on  the  performance  of  a  complex  psycho¬ 
motor  task.  Human  Factors,  1971,  _1_3,  59-63. 

Federal  Aviation  Administration.  Flight  test  guide,  private  pilot,  airplane  (revised). 

Washington,  DC:  Author,  1975a. 

Federal  Aviation  Administration.  The  National  Aviation  System  Plan.  Washington,  IX: 

Author,  March  1975b. 

Federal  Aviation  Administration.  United  States  standards  for  terminal  instrument  pro- 

cedures  (8260.3B).  Washington,  E)C:  Author,  July  1976. 

Federal  Aviation  Administration.  Airman's  information  manual,  Part  1.  Washington,  DC: 
Author,  July  1977a. 

Federal  Aviation  Administration.  Aviation  instructor's  handbook  (AC  60-14).  Washington, 
EG:  Author,  1977b. 

Federal  Aviation  Administration.  Systems  Research  and  [Development  Service,  progress 

report  (FAA-RD- 78  -  90).  Washington,  EG:  Author,  August  1978a.  (NTIS  No. 

AD-A057  438) 

Federal  Aviation  Administration.  Helicopter  Operations  [Development  Plan  (FAA-RD- 
78-101).  Washington,  DC:  Author,  September  1978b. 


82 


Federal  Aviation  Administration.  General  aviation  pilot  stall  awareness  training  syllabus. 
Washington,  DC:  Author,  February  1979a. 

Federal  Aviation  Administration.  Pilot  proficiency  award  program  (AC  61-91).  Washington, 
DC:  Author,  May  1979b. 

Federal  Aviation  Administration.  Helicopter  air  traffic  control  operations  (FAA-RD- 

78-150).  Washington,  DC:  Author,  May  1979c. 

Federal  Aviation  Administration.  Guide  to  Federal  Aviation  Administration  publications 
( FAA-APA-PC-2).  Washington,  DC:  Author,  June  1979d. 

Federal  Aviation  Administration.  Federal  Aviation  Administration  aviation  forecasts: 
Fiscal  years  1980-1991.  Washington,  DC:  Author,  September  1979e. 

Federal  Aviation  Administration.  Flight  training  handbook  (AC  61-21A).  Washington,  DC: 
Author,  1980. 

Fink,  D.  E.  Digital  information  system  tested.  Aviation  Week  &  Space  Technology,  1978, 
108(17),  109-116. 

Fink,  D.  E.  GAMA  expects  1981  sales  of  $3  billion.  Aviation  Week  &  Space  Technology, 
1980,  212(5),  64-66. 

Finnegan,  J.  P.  Evaluation  of  the  transfer  and  cost  effectiveness  of  a  conplex  computer- 
assisted  flight  procedure  trainer  (ARL-77-7).  Savoy,  IL:  University  of  Illinois  at 
Urbana -Champaign,  June  1977.  (NTIS  No.  AD-A050  413) 

Fitts,  P.  M.,  &  Jones,  R.  E.  Psychological  aspects  of  instrument  display--!.  Analysis  of 
270  ’pilot -error*  experiences  in  reading  and  interpreting  aircraft  instruments  (Report 
No.  TSEAA-694-12A).  Wright  -  Patterson  AFB,  OH:  Aero  Medical  Laboratories, 

October  1947. 

Foley,  J.  P.  Instructional  materials  for  improved  job  performance  (AFHRL-TR-78-99). 
Brooks  AFB,  TX:  Air  Force  Human  Resources  Laboratory,  January  1979. 

Forrest,  F.  G.  Develop  an  objective  flight  test  for  the  certification  of  a  private  pilot 
(DS-70-17).  Washington,  DC:  Federal  Aviation  Administration,  May  1970. 

Forsyth,  D.  L.,  &  Shaughnessy,  J.  D.  Single  pilot  IFR  operating  problems  determined  from 
accident  data  analysis  (NASA-TM -78-773).  Washington,  CXI:  National  Aeronautics  and 
Space  Administration,  September  1978. 

Fraser,  R.  C.  Institutional  factors  in  civil  aviation  (DOT -05 -00083).  Washington,  DC: 
Department  of  Transportation,  January  1971. 

Garvey,  W.  Training  and  proficiency  in  the  classroom.  The  AOPA  Pilot,  1974,  17(10), 
34-35. 


83 


General  Accounting  Office.  In-proved  controls  needed  over  private  pilot  licensing  (RED- 
76-65).  Washington,  DC:  Author,  February  1976. 

General  Accounting  Office.  Aircraft  delays  at  major  U.S.  airports  can  be  reduced 
(CED- 79-102).  Washington,  DC:  Author,  September  1979a. 

General  Accounting  Office.  FAA's  program  to  automate  flight  service  stations:  Status 
and  needs  (PSAD-80-1).  Washington,  DC:  Author,  October  1979b. 

General  Accounting  Office.  How  to  improve  the  Federal  Aviation  Administration's  ability 

to  deal  with  safety  hazards  (CED- 80  -  66).  Washington,  IX:  Author,  February  1980. 

General  Aviation  Manufacturers  Association.  Specifications  for  the  pilotls  operating 
handbook.  Washington,  IX:  National  Standards  Association,  1975. 

Gerathevsohl,  S.  ).  Psychophysiological  effects  of  aging  -  developing  a  functional  age 

index  for  pilots:  I.  A  survey  of  the  pertinent  literature.  Washington,  X:  Federal 
Aviation  Administration,  /^ril  1977.  (NTIS  No.  AD-A040  322) 

Gerathevwhl,  S.  ).  Psychophysiological  effects  of  aging  -  developing  a  functional  age 

index  for  pilots: _ ID _ Taxonomy  of  psychological  factors  (FAA-AM-78-16). 

Washington,  X:  Federal  Aviation  Administration,  April  1978a.  (NTIS  No.  AD-A054 
356) 

Gerathevsohl,  S.  ).  Psychophysiological  effects  of  aging  -  developing  a  functional  age 

index  for  pilots: _ III.  Measurement  of  pilot  performance  ( FAA-AM -78-27). 

Washington,  X:  Federal  Aviation  Administration,  August  1978b.  (NTIS  No.  AD-A062 
501) 

Goff,  R.  C.  Highlights  1979:  Atmospheric  environment.  Astronautics  &  Aeronautics, 
1979,  2/(2),  36-38.  . . . 

Goorney,  A.  The  human  factor  in  aircraft  accidents-investigation  of  background  factors 
of  pilot  error  accidents  ( FPRC/Memo-224).  London,  England:  Flying  Personnel 

Research  Committee,  May  1965.  (NTIS  No.  N66-28888) 

Gorill,  R.  B.,  &  Snyder,  F.  W.  Preliminary  study  of  aircrew  tolerance  to  low-frequency 
vertical  vibration  (D3-1189).  Seattle,  WA:  Boeing  Corporation,  July  1957. 

Greer,  P.  E.,  &  Hanking,  J.  R.  Application  of  AIDS  to  the  A-7E  and  a  projected  future 
tactical  aircraft  (NAX -78032-060).  Warminster,  PA:  Naval  Air  Development  Center, 
December  1977.  (NTIS  No.  AD-A053  775) 

Grosslight,  J.,  Fletcher,  H.  J.,  Masterton,  R.,  &  Brucehagen,  R.  Monocular  vision  and 
landing  performance  in  general  aviation  pilots:  Cyclops  revisited.  Human  Factors, 
1979,  20,  27-33. 


84 


Hasbrook,  A.  H.,  Rasmussen,  P.  C.,  &  Willis,  D.  M.  Pilot  performance  and  heart  rate 
during  in-flight  use  of  a  compact  instrument  display  ( FAA-AM -75-12).  Washington, 
DC:  Federal  Aviation  Administration,  November  1975.  (NTIS  No.  AD-A021  519) 

Helms,  J.  L.  General  aviation:  The  opportunity  and  the  challenge.  ICAO  Bulletin,  1975, 
30(9),  12-15. 

Henry,  T.  F.,  &  Froehlich,  M.  The  general  aviation  industry:  An  overview  (FAA-AVP- 
75-4).  Washington,  DC:  Federal  Aviation  Administration,  July  1975.  (NTIS  No. 

AD-A015  871) 

Hess,  R.  A.  Prediction  of  pilot  opinion  ratings  using  an  optimal  pilot  model.  Human 

Factors,  1977,  J19,  459-476. 

Hinton,  D.  A.,  &  Shaughnessy,  J.  D.  Adaption  of  the  time  line  analysis  program  to  single 
pilot  instrument  flight  research  (NASA-TM -78748).  Washington,  DC:  National 

Aeronautics  and  Space  Administration,  August  1978. 

Hoekstra,  H.  D.,  &  Huang,  S.  Safety  in  general  aviation.  Arlington,  VA:  Flight  Safety 
Foundation,  1971. 

Hoffman,  W.  C.,  &  Hollister,  W.  M.  General  aviation  pilot  stall  awareness  training  study 
(FAA-RD- 77-26).  Washington,  DC:  Federal  Aviation  Administration,  September  1976. 
(NTIS  No.  AD-A041  310) 

Hollister,  W.  M.,  LaFbinte,  A.,  Oman,  C.  M.,  &  Tole,  J.  R.  Identifying  and  determining 
skill  degradations  of  private  and  commercial  pilots  (FAA-RD-73-91).  Washington,  DC: 
Federal  Aviation  Administration,  September  1973. 

Hopkins,  C.  O.  Human  performance  in  aviation  systems  (ARL-77-14).  Savoy,  IL: 
University  of  Illinois  at  Urbana -Champaign,  July  1977.  (NTIS  No.  AD-A050  078) 

Hopkins,  V.  D.  Human  factors  in  the  ground  control  of  aircraft  (AGARD-AG-142  -  70). 
Neuilly  sur  Seine,  France:  North  Atlantic  Treaty  Organization,  Advisory  Grotp  for 
Aerospace  Research  and  Development,  April  1970.  (NTIS  No.  AD- 706  550) 

Hornick,  R.  J.,  &  Lefritz,  N.  M.  A  study  and  review  of  human  response  to  prolonged 
random  vibration.  Human  Factors,  1966,  6,  481-492. 

Hudock,  P.  F.,  &  Hudock,  R.  P.  The  operational  profile  and  mission  of  the  certified  non¬ 
instrument  rated  commercial  pilot  (FAA-RD- 70 -50).  Washington,  DC:  Federal 

Aviation  Administration,  July  1970. 

Hurst,  R.  (Ed.).  Pilot  error.  London:  Granada  Publishing,  Ltd.,  1976. 

I  nee,  F.,  Williges,  R.  C.,  &  Roscoe,  S.  N.  Aircraft  simulator  motion  and  the  order  of 
merit  of  flight  attitude  and  steering  guidance  displays.  Human  Factors,  1975,  W, 
388-400. 


85 


Jacobs,  R.  S.,  &  Roscoe,  S.  N.  Simulator  coclqpit  motion  and  the  transfer  of  flight 

training.  Proceedings  of  the  19th  Annual  Meeting  of  the  Human  Factors  Society. 

Santa  Monica,  CA:  Human  Factors  Society,  October  1975. 

Jensen,  R.  S.  Pilot  judgment:  Training  and  evaluation.  Eleventh  NT  EC/Industry  Conference 
Proceedings.  Orlando,  FL:  Naval  Training  Equipment  Center,  November  1978. 

Jensen,  R.  S.  Prediction  and  quickening  in  perspective  flight  displays  for  curved  landing 

approaches  (Doctoral  dissertation,  University  of  Illinois  at  Urbana -Champaign).  Ann 
Arbor,  Ml:  University  Microfilms  International,  May  1979.  (University  Microfilms  No. 
80-04198) 

Jensen,  R.  S.  Uses  of  a  visual  landing  system  in  primary  flight  training.  Proceedings 

of  the  Human  Factors  Society  -  17th  Annual  Meeting,  1973. 

Jensen,  R.  S.,  &  Benel,  R.  A.  Judgment  evaluation  and  instruction  in  civil  pilot  training 
( FAA-RD- 78-24).  Washington,  DC:  Federal  Aviaton  Administration,  December  1977. 
(NTIS  No.  AD-A057  440) 

Jensen,  R.  S.,  &  Roscoe,  S.  N.  Flight  tests  of  pilotage  error  in  area  navigation  with 

vertical  guidance  (FAA-RD- 72 -126).  Washington,  DC:  Federal  Aviation  Adminis¬ 

tration,  August  1973.  (NTIS  No.  AD- 772  463) 

Jensen,  R.  S.,  &  Roscoe,  S.  N.  Flight  tests  of  pilotage  error  in  area  navigation  with 

vertical  guidance:  Effects  of  navigational  procedural  complexity  ( FAA-RD-74-148). 
Washington,  DC:  Federal  Aviaton  Administration,  August  1974.  (NTIS  No.  AD-A003 
796) 

Johnson,  S.  L.,  &  Roscoe,  S.  N.  What  moves,  the  airplane  or  the  v\orld?  Human  Factors, 
1972,  T4.  103-125. 

Kirkham,  W.  R.,  Collins,  W.  E.,  Crape,  P.  M.,  Simpson,  J.  M.,  &  Wallace,  T.  F.  Spatial 
disorientation  in  general  aviation  accidents  (FAA-AM -78-13).  Washington,  DC: 
Federal  Aviation  Administration,  March  1978.  (NTIS  No.  AD-A053  230) 

Kiteley,  C.  W.  General  Aviation  and  community  development.  Aviation  Research  Journal, 
1976,  J,  59-62. 

Kiteley,  G.  W.,  &  Harris,  R.  L.  Instructor  and  student  pilot's  subjective  evaluation  of 
a  general  aviation  simulator  with  a  terrain  visual  system  (NASA-TM -78698). 
Washington,  DC:  National  Aeronautics  and  Space  Administration,  April  1978.  (NTIS 
No.  N78-23746) 

Klass,  P.  J.  Decision  computers  studied  for  ATC.  Aviation  Week  &  Space  Technology, 
1979,  _11_1(21 ),  37-39. 

Kleinman,  D.  L.,  Baron,  S.,  &  Levison,  W.  H.  An  optimal  control  model  of  human  response. 
Parts  I  and  II.  Automat ica,  1970,  6,  357-383. 


86 


1 

J 


Koonce,  J.  M.  Effects  of  ground-based  aircraft  simulator  motion  conditions  ipon  predic¬ 
tion  of  pilot  proficiency  (TR  ARL-74-5).  Savoy,  IL:  University  of  Illinois  at 

Urbana -Champaign,  1974. 

Kowalsky,  N.  B.,  Masters,  R.  L.,  Stone,  R.  B.,  Babcock,  C.  L.,  &  Rypka,  E.  W.  An  analy¬ 
sis  of  pilot  error -related  aircraft  accidents  (NASA  CR-2444).  Washington,  IX: 
National  Aeronautics  and  Space  Administration,  June  1974. 

Kryter,  K.  The  effects  of  noise  on  man.  New  York:  Academic  Press,  1970. 

Lacefield,  D.  J.,  Roberts,  P.  A.,  &  Blossom,  C.  W.  Agricultural  aviation  versus  other 
general  aviation:  Toxicological  findings  in  fatal  accidents  (FAA-AM-78-31). 

Washington,  CXI:  Federal  Aviation  Administration,  September  1978.  (NTIS  No. 

AD-A060  110) 

La  Foy,  A.  B.  General  aviation,  selected  references  (DOT -05  .  -LIB-10).  Washington,  DC: 
U.S.  Department  of  Transportation,  June  1977. 

Lanier,  H.  M.,  &  Butler,  E.  D.  An  experimental  assessment  of  ground  pilot  trainers  in 
general  aviation  (FAA-ADS-64).  Washington,  DC:  Federal  Aviation  Administration, 

1966. 

Lawton,  R.  S.,  &  Livack,  G.  S.  Proceedings  of  the  AOPA  Air  Safety  Foundation  and 
General  Aviation  Manufacturers  Association  general  aviation  safety  workshop.  Workshop 
conducted  at  the  Ohio  State  University,  Columbus,  OH,  1979. 

Lederer,  J.  Human  factors  and  pilot  error.  Arlington,  VA:  Flight  Safety  Foundation, 

1973. 

Lewis,  M.  F.  &  Mertens,  H.  W.  Pilot  performance  during  simulated  approaches  and  landings 
made  with  various  conputer -generated  glide  path  indicators  (FAA-AM-79-4). 
Washington,  DC:  Federal  Aviation  Administration,  September  1978.  (NTIS  No. 

AD-A066  220) 

Lintern,  G.  Transfer  of  landing  skill  after  training  with  sipplementary  visual  cues. 
Proceedings  of  the  23rd  Annual  Meeting  of  the  Human  Factors  Society.  Santa  Monica, 
CA:  Human  Factors  Society,  October  1979. 

Lintern,  G.,  &  Roscoe,  S.  N.  Transfer  of  landing  skill  after  training  with  sipplemental 
visual  cues.  Proceedings  of  the  6th  Syrrposium  on  Psychology  in  the  Department  of 
Defense.  Colorado  Springs,  CO:  U.S.  Air  Force  Academy,  1978. 

Loftus,  C.  R.,  Dauk,  V.  J.,  &  Williams  D.  Short-term  memory  factors  in  ground  controller/ 
pilot  communication.  Human  Factors,  1979,  _21,  169-182. 

Lucaccini,  L.  (Ed.).  Aircrew  emergency  decision  training:  A  conference  report.  Woodland 
Hills,  CA:  Percept ronics,  November  28-30,  1978, 

Malo,  E.  J.  Area  navigation  for  general  aviation  implementation.  Proceedings  of  the  First 
FAA  General  Aviation  Research  and  Development  Conference.  Washington,  DC: 
Aviation  Administration,  August  1977. 


87 


Matheny,  W.  G.  Training  research  program  and  plans:  Advanced  simulation  in  under¬ 
graduate  pilot  training  (AFHRL-TR-75-26(ll).  Brooks  AFB,  TX:  Air  Force  Human 
Resources  Laboratory,  June  1975. 

McCollough,  J.  B.  A  design  perspective  on  new  technologies  for  general  aviation.  Aero¬ 
nautics  &  Astronautics,  1979,  1_7(9),  48-53. 

McConkey,  E.  D.(  &  Halverson,  A.  G.  RNAV  route  design  - -Terminal  area  design 

procedures  and  transition  area  design  guidelines  (FAA-RD-78-61).  Washington,  DC: 
Federal  Aviation  Administration,  January  1978.  (NTIS  No.  AD-A062  053) 

McCormick,  E.  J.  Human  factors  in  engineering  and  design.  New  York:  McGraw-Hill, 
1976. 

McCourt,  F.  P.,  &  Hewin,  L.  M.  A  study  of  key  problems  in  general  aviation  safety. 
Washington,  IX:  Aircraft  Owners  and  Pilots  Association  Air  Safety  Foundation,  March 
1979. 

McFarland,  R.  A.  Human  factors  in  air  transportation  design.  New  York:  McGraw-Hill, 
1946.  ' 

McFarland,  R.  A.  Human  factors  in  air  transportation.  New  York:  McGraw-Hill,  1953. 

Meister,  D.  Human  factors:  Theory  and  practice.  New  York:  Wiley -Interscience,  1971. 

Meister,  D.  Development  and  use  of  hunan  performance  data  for  design.  In  K.  Di  Cross 
&  J.  J.  McGrath  (Eds.),  Crew  system  design.  Santa  Barbara,  CA:  Anacopa  Sciences, 
Inc.,  July  1973. 

Meister,  D.,  &  Rabideau,  G.  F.  Human  factors  evaluation  in  system  development.  New 
York:  John  Wiley  &  Sons,  1965. 

Mertens,  H.  W.  Corrparison  of  the  visual  perception  of  a  runway  model  in  pilots  and  non  - 
pilots  during  simulated  night  landing  approaches  (FAA-AM -78-15).  Washington,  DC: 
Federal  Aviation  Administration,  March  1978. 

Meyer,  R.  P.,  laveson,  J.  I.,  Pape,  G,  l.,  &  Edwards,  B.  J.  Development  and  application 
of  a  task  taxonomy  for  tactical  flying  (AFHRL-TR -78-42(1  ]).  Brooks  AFB,  TX:  Air 
Force  Human  Resources  Laboratory,  September  1978. 

Miller,  R.  B.  Handbook  on  training  and  training  equipment  design  (TR-53-136).  Wright- 
Patterson  AFB,  OH:  Wright  Air  Development  Center,  June  1953. 

Miller,  R.  B.  Psychological  considerations  in  the  design  of  training  equipment  (TR- 
54-563).  Wright -Patterson  AFB,  OH:  Wright  Air  Development  Center,  December 

1954. 

Miller,  R.  M.,  Swink,  J.  R.,  &  McKenzie,  J.  F.,  Jr.  Instructional  systems  development 
(ISP)  in  Air  Force  flying  training  (AFHRL-TR-78-59).  Brooks  AFB,  TX:  Air  Force 
Human  Resources  Laboratory,  December  1978. 


88 


Mohler,  S.  R.  Recent  findings  on  impairment  of  airmanship  by  alcohol  (FAA-AM  66-28). 
Washington,  DC:  Federal  Aviation  Agency,  September  1966.  (NTIS  No.  AD-644  119) 

Mohler,  S.  R.  Medical  facts  for  pilots.  Proceedings  of  the  First  FAA  Ceneral  Aviation 
Research  and  Development  Conference.  Washington,  DC:  Federal  Aviation 

Administration,  August  1977. 

Montemerlo,  M.  D.  The  instructional  system  development  manual:  Tool  or  tyrant.  Paper 
presented  at  the  meeting  of  the  American  Psychological  Association,  New  York, 
September  1979. 

Montemerlo,  M.  D.,  &  Tennyson,  M.  E.  Instructional  systems  development:  Conceptual 
analysis  and  conprehc,  jive  bibliography  (NAVTRAEQUI PCEN  IH-257).  Orlando,  FL: 
Naval  Training  Equipment  Center,  February  1976. 

Mozell,  M.  M.,  &  White,  D.  C.  Behavioral  effects  of  whole  body  vibration,  journal  of 
Aviation  Medicine,  1958,  29,  716-724. 

Mm  ley,  F.  Commuter  airline  safety:  An  analysis  of  accident  records  and  the  role  of 
federal  regulations.  Washington,  DC:  Aviation  Consumer  Action  Project,  August  1976. 

National  Aeronautics  and  Space  Administration.  Aircraft  safety  and  operating  problems 
(NASA-SP-41 6).  Washington,  DC:  Author,  1976. 


National  Aeronautics  and  Space  Administration. 
Third  quarterly  report  (NASA-TM  -X-3546). 


NASA  Aviation  Safety  Reporting  System: 
Washington,  DC:  Author,  May  1977a. 


National  Aeronautics  and  Space  Administration. 
Fourth  quarterly  report  (NASA-TM -78433). 


NASA  Aviation  Safety  Reporting  System: 
Washington,  DC:  Author,  October  1977b. 


National  Aeronautics  and  Space  Administration.  NASA  Aviation  Safety  Reporting  System: 
Fifth  quarterly  report  (NASA -TM -78476).  Washington,  DC:  Author,  April  1978a. 


National  Aeronautics  and  Space  Administration.  NASA  Aviation  Safety  Reporting  System: 

Sixth  quarterly  report  (NASA-TM -78511 ).  Washington,  DC:  Author,  July  1978b. 

National  Aeronautics  and  Space  Administration.  NASA  Aviation  Safety  Reporting  System: 

Seventh  quarterly  report  (NASA-TM -78528).  Washington,  DC:  Author,  August  1978c. 

National  Aeronautics  and  Space  Administration.  NASA  Aviation  Safety  Reporting  System: 

Eighth  quarterly  report  (NASA-TM -78540).  Washington,  DC:  Author,  October  1978d. 

National  Aeronautics  and  Space  Administration.  NASA  Aviation  Safety  Reporting  System: 

Ninth  quarterly  report  (NASA-TM -78608).  Washington,  DC:  Author,  June  1979. 

National  Association  of  Flight  Instructors.  Guidelines  for  the  conduct  of  Biennial 
Flight  Reviews.  Colimbus,  OH:  Author,  1976. 

National  Transportation  Safety  Board.  Aircraft  design -induced  pilot  error.  Washington, 
DC:  Author,  July  1967.  (NTIS  No.  PB-175  629) 


89 


National  Transportation  Safety  Board.  Midair  collisions  in  U.S.  civil  aviation  -  1968. 

Washington,  DC:  Author,  July  1969. 

National  Transportation  Safety  Board.  Study  of  lessons  to  be  learned  from  accidents 

attributed  to  turbulence  (NTSB-AAS-71 -1).  Washington,  DC:  Author,  December  1971. 

National  Transportation  Safety  Board.  Carburetor  ice  in  general  aviation  (NTSB-AAS- 

72-1).  Washington,  DC:  Author,  January  1972a.  (NTIS  No.  PB-208  463) 

National  Transportation  Safety  Board.  Emergency  landing  techniques  in  small  fixed-wing 
aircraft  (NTSB-AAS-72-3).  Washington,  DC:  Author,  ^>ril  1972b.  (NTIS  No. 

PB - 209  836) 

National  Transportation  Safety  Board.  Midair  collisions  in  U.S.  civil  aviation,  1969  - 

1970  (NTSB-AAS-72-6).  Washington,  DC:  Author,  June  1972c.  (NTIS  No.  PB-211 
906) 

National  Transportation  Safety  Board.  Special  study  -  general  aviation  stall  spin 

accidents,  1967-1969  (NTSB-AAS-72-8).  Washington,  DC:  Author,  September  1972d. 
(NTIS  No.  PB-213  614) 

National  Transportation  Safety  Board.  Air  taxi  safety  study  (NTSB-AAS-72-9). 
Washington,  IX:  Author,  September  1972e. 

National  Transportation  Safety  Board.  Special  study  -  accidents  involving  engine  failure/ 

malfunction:  U.S.  general  aviation,  1965-1969  (NTSB-AAS-72-10).  Washington,  DC: 
Author,  November,  1972f. 

National  Transportation  Safety  Board.  Special  study  -  report  on  approach  and  landing 

accident  prevention  forum  (NTS8-AAS-73-2).  Washington,  DC:  Author,  September 
1973. 

National  Transportation  Safety  Board.  Special  study  -  U.S.  general  aviation  accidents 

involving  fuel  starvation,  1970-1972  (NTSB-AAS-74-1).  Washington,  DC:  Author, 
April  1974a.  (NTIS  No.  PB-231  853) 

National  Transportation  Safety  Board.  Special  study  of  fatal,  weather -involved,  general 

aviation  accidents  (NTSB-AAS -74 -2).  Washington,  DC:  Author,  August  1974b. 

National  Transportation  Safety  Board.  Special  study  -  U.S.  general  aviation  takeoff 

accidents:  The  role  of  preflight  preparation  (NTSB-AAS-76-2).  Washington,  DC: 
Author,  March  1976a. 

National  Transportation  Safety  Board.  Special  study  -  nonfatal,  weather  involved  general 

aviation  accidents  (NTSB-AAS-76-3).  Washington,  DC:  Author,  May  1976b. 

National  Transportation  Safety  Board.  Flightcrew  coordination  procedures  in  air  carrier 

instrument  landing  system  approach  accidents  (NTSB-AAS -76-5).  Washington,  DC: 

Author,  August  1976c.  (NTIS  No.  PB-258  720) 


90 


National  Transportation  Safety  Board.  Annual  review  of  aircraft  accident  data  ■  U.S. 
general  aviation,  calendar  year  1977.  Washington,  DC:  Author,  November  1978. 
(NTIS  No.  PB - 291  627) 

National  Transportation  Safety  Board.  Special  study  -  single -engine,  fixed-wing  general 
aviation  accidents,  1972-1976  (NTSB-AAS-79-1).  Washington,  DC:  Author,  May 
1979a. 

National  Transportation  Safety  Board.  Special  study  -  light  twin-engine  aircraft  acci¬ 
dents  following  engine  failures,  1972-1976  (NTSB-AAS- 79-2).  Washington,  DC: 
Author,  December  1979b. 

Olcott,  J.  W.  What's  wrong  with  flight  training.  Flying,  1977,  101(4),  74-75. 

Onstott,  E.  D.  Prediction  and  evaluation  of  flying  qualities  in  turbulence.  Proceedings 
of  the  Eighth  Annual  Conference  on  Manual  Control.  Ann  Arbor,  Ml:  University  of 
Michigan,  1972. 

Ontiveros,  R.  Effectiveness  of  a  pilot  ground  trainer  as  a  part-task  instrument  flight 
rules  flight -checking  device:  Stage  I  ( FAA-RD-75-36).  Washington,  CXI:  Federal 
Aviation  Administration,  September  1975.  (NTIS  No.  AD-A015  722) 

Ontiveros,  R.  Ef  fectiveness  of  a  pilot  ground  trainer  as  a  part -task  instrument  flight 
rules  flight  checking  device:  Stage  II  ( FAA-RD-76-72).  Washington,  DC:  Federal 
Aviation  Administ ration,  June  1976.  (NTIS  No.  AD-A026  754) 

Ontiveros,  R.  J.,  fjpangler,  R.  M.,  &  Sulzer,  R.  L.  General  aviation  (FAR23)  cockpit 
standardization  analysis  (FAA-RD-77-192).  Washington,  DC:  Federal  Aviation 

Administration,  March  1978.  (NTIS  No.  AD-A05  2  803) 

Orlansky,  J.,  &  String.  J.  Cost  effectiveness  of  flight  simulators  for  military  training. 
Volume  I:  Use  and  effectiveness  of  flight  simulators  (IDA  Paper  P-1275).  Arlington, 
VA:  Institute  of  Defense  Analysis,  August  1977. 

Parker,  J.  F.,  &  West,  V.  R.  Bioastronautics  data  book  (NASA-SP-3006).  Washington,  DC: 
National  Aeronautics  and  Space  Administration,  1973. 

Parker,  L.  C.  General  aviation  air  traffic  pattern  safety  analysis  (NASA -TM -X -69455). 
Washington,  DC:  National  Aeronautics. and  Space  Administration,  July  1973. 

Pazera,  E.  Preliminary  evaluation  of  user  terminals  for  an  automated  pilot  briefing 
system  (FAA-RD-76-118).  Washington,  DC:  Federal  Aviation  Administration,  August 
1976.  (NTIS  No.  AD-A030  660) 

Poritzky,  S.  B.  Meeting  general  aviation  needs  for  the  future  in  the  ewlving  ATD 
systems.  Proceedings  of  the  First  FAA  General  Aviation  Research  and  Development 
Conference.  Washington,  DC:  Federal  Aviation  Administration,  August  1977. 


Post,  T.  J.  The  development  of  human  factors  research  objectives  for  civil  aviation, 
Arlington,  VA:  Serendipity,  Inc.,  June  1970.  (NTIS  No.  N73-14015) 


fbvenmire,  H.  K.,  &  Roscoe,  S.  N.  An  evaluation  of  ground-based  flight  trainers  in 
routine  primary  flight  training.  Human  Factors.  1971,  ^3,  109-116. 

Prophet,  W.  W.  Long-term  retention  of  flying  skills:  A  review  of  the  literature 

(HumRRO-FR-ED(P)-76-35).  Alexandria,  VA:  Human  Resources  Research 

Organization,  October  1976a. 

Prophet,  W.  W.  Long-term  retention  of  flying  skills:  An  annotated  bibliography  (HumRRO- 
FR-ED(P)-76-36).  Alexandria,  VA:  Human  Resources  Research  Organization,  October 
1976b. 

Prophet,  W.  W.  U.S.  Navy  fleet  aviation  training  program  development  (NAVTRAEQUIPCEN- 
77-C-0009-1).  Orlando,  FL:  Naval  Training  Equipment  Center,  March  1978. 

Prophet,  W.  W.,  &  Boyd,  H.  A.  Device -task  fidelity  and  transfer  of  training:  Aircraft 
cockpit  procedures  training  (Tech.  Rep.  70-10).  Alexandria,  VA:  Human  Resources 
Research  Organization,  July  1970. 

Prophet,  W.  W.,  &  Jolley,  O.  B.  Evaluation  of  the  integrated  contact -instrument  concept 
for  Army  fixed  wing  flight  instruction  (Tech.  Rep.  69-26).  Alexandria,  VA:  Human 
Resources  Research  Organization,  December  1969.  (NTIS  No.  AD-703  161) 

Prophet,  W.  W.,  Shelnutt,  J.  B.,  &  Spears,  W.  D.  Future  research  plans:  A  report  of  the 
simulator  training  requirements  and  effectiveness  study  (STRES)  (Tech.  Rep.  TR 
80-02).  Pensacola,  FL:  Seville  Research  Corporation,  February  1980. 

Pyle,  J.  T.  A  general  aviation  user  response  to  airman  R&D  programs.  Proceedings  of 
the  First  FAA  General  Aviation  Research  and  Development  Conference.  Washington,  DC: 
Federal  Aviation  Administration,  August  1977. 

Richardson,  D.  W.  Highlights  1979:  Aircraft  operations.  Astronautics  &  Aeronautics, 
1979,  17(2),  18-20. 

Riddle,  J.  I.  Effectiveness  of  ground  pilot  trainers  and  training  for  pilots  judgment 

improvement.  Proceedings  of  the  First  FAA  General  Aviation  Research  and  Development 
Conference.  Washington,  DC:  Federal  Aviation  Administration,  August  1977. 

Roche,  R.  J.  FSS  modernization.  Proceedings  of  the  First  FAA  General  Aviation  Research 

and  Development  Conference.  Washington,  DC:  Federal  Aviation  Administration,  August 

1977. 

Rogers,  J.  G.,  &  Armstrong,  R.  Use  of  human  engineering  standards  in  design.  Human 

Factors,  1977,  19.  15-24. 

Rogers,  J.  G.,  &  Pegden,  C.  D.  Formatting  and  organization  of  a  human  engineering 
standard.  Human  Factors,  1977,  19,  55-62. 


92 


Roscoe,  S.  N.  Airborne  displays  for  flight  and  navigation.  Human  Factors.  1968,  10, 

321-332. 

Roscoe,  S.  N.  When  day  is  done  and  shadows  fall,  vse  miss  the  airport  most  of  all. 

Human  Factors,  1979,  21,  721-732. 

Roscoe,  S.  N.  Aviation  Psychology.  Ames:  Iowa  State  University  Press,  in  press. 

Roscoe,  S.  N.,  &  Hopkins,  C.  O.  Enhancement  of  human  effectiveness  in  system  design, 
training,  and  operation  (ARL-75-21).  Savoy,  IL:  University  of  Illinois  at 
Urbana -Champaign,  July  1975.  (NTIS  No.  AD-A023  941) 

Roskam,  J.  Opportunities  for  progress  in  general  aviation  technology  (AIAA  Paper 

75-292).  Washington,  CXI:  American  Institute  of  Aeronautics  and  Astronautics, 

February  1975. 

Roskam,  J.,  &  Kohlman,  D.  L.  The  grudging  progress  of  lightplane  design.  Air  Progress, 
1974,  34(1),  28-37. 

Rouse,  W.  B.  Systems  engineering  models  of  human -machine  interactions.  New  York: 
North  Holland  Publishing  Co.,  1980. 

Rowland,  G.  E.,  &  Reichwein,  C.  T.  Functional  analysis  of  pilot  warning  instrument 

characteristics  ( FAA-RD-71 -59).  Washington,  DC:  Federal  Aviation  Administration, 
September  1971.  (NTIS  No.  AD-730  516) 

Rudolph,  J.  Operation  save-a-life.  FAA  Aviation  News,  1974,  JJ3(2),  10-11. 

Scheftel,  P.  J.  Influencing  factors  on  future  aircraft  with  emphasis  on  the  cockpit 

(Unpublished  manuscript).  Washington,  DC:  Federal  Aviation  Administration,  1979. 

Schendel,  J.  D.,  Shields,  J.  U,  &  Katz,  M.  S.  Retention  of  motor  skills:  A  review 

(Technical  Paper  313).  Alexandria,  VA:  U.S.  Army  Research  Institute  for  the 

Behavioral  and  Social  Sciences,  September  1978. 

Schiff,  B.  Cockpit  standardization.  The  AOPA  Pilot,  1980,  23(7),  41-44. 

Schwenk,  ].  C.  General  aviation  activity  and  avionics  survey  (TSC-FAA-79-16). 
Cambridge,  MA:  Transportation  Safety  Center,  April  1979. 

Seltzer,  L.  Z.  A  study  of  the  effect  of  time  on  the  instrument  skill  of  the  private  and 
commercial  pilot  (FAA-DS-70-12).  Washington,  DC:  Federal  Aviation  Administration, 
March  1971. 

Semple,  C.  A.,  Cotton,  J.  C.,  &  Sullivan,  D.  J.  Aircrew  training  device  instructional 

sipport  features  (Tech.  Rep.  CRC-3041C).  Westlake  Village,  CA:  Canyon  Research 
Gimp,  Inc.,  February  1980. 


93 


Semple,  C.  A.,  Hennessy,  R.  T.,  Sanders,  M.  S.,  Cross,  B.  K.,  Beith,  B.  H.,  &  McCauley,  M. 
E.  Aircrew  training  device  fidelity  features  (CRC-TR-3041B).  Westlake  Village,  CA: 
Canyon  Research  Groip,  Inc.,  February  1980. 

Shaw,  ).  M.,  &  Allen,  C.  R.  Optimization  of  the  cockpit  environment  and  the  crew-cockpit 
interface.  Proceedings  from  Advisory  Groip  for  Aerospace  Research  and  Development 
Conference  on  Problems  in  the  Cockpit  Environment.  Neuilty  sur  Seine,  France:  North 
Atlantic  Treaty  Organization,  Advisory  Group  for  Aerospace  Research  and  Development, 
November  1968. 

Shelnutt,  J.  B.  A  consideration  of  Army  training  device  proficiency  assessment  capabili¬ 
ties  (TR-78-A20).  Alexandria,  VA:  U.S.  Army  Research  Institute  for  the  Behavioral 
and  Social  Sciences,  June  1978.  (NTIS  No.  AD-A056  191) 

Siegel,  A.  I.,  Musetti,  L.  L.,  Federman,  P.  J.,  Pfeiffer,  M.  G.,  Wiesen,  J.  P.,  Deleo,  P. 
J.,  &  Shepperd,  W.  R.  Criterion-referenced  testing:  Review,  evaluation,  and 

extension  (AFHRL-TR-78-71).  Brooks  AFB,  TX:  Air  Force  Human  Resources 

Laboratory,  August  1979. 

Siegel,  P.  V.,  &  Mohler  S.  R.  Medical  factors  in  U.S.  general  aviation  accidents  (FAA- 
AM  -69-2).  Washington,  DC:  Federal  Aviation  Administration,  June  1969. 

Silver,  B.  W.  The  future  of  safety  in  general  aviation.  AIAA  Student  Journal,  1976, 
14(3),  12-15. 

Sincoff,  M.  Z.,  &  Dajani,  J.  S  General  aviation  and  community  development.  Norfolk,  VA: 
Old  Dominion  University,  1975. 

Smith,  F.  K.  An  appreciation  of  the  social,  economic,  and  political  issues  of  general 
aviation  (GA-300-133).  Washington,  DC:  Federal  Aviation  Administration,  June  1977. 

Smith,  H.  P.  R  A  simulator  study  of  the  interaction  of  pilot  workload  with  errors,  vigi¬ 
lance  and  decisions  (NASA-TM -78872).  Washington,  DC:  National  Aeronautics  and 
Space  Administration,  January  1979. 

Smith,  H.  P.  R.,  &  Parker,  B.  D,  The  interaction  of  communication  with  cockpit  workload 
and  safety.  In  Aeromedical  aspects  of  radio  communication  and  flight  safety  (Advisory 
Report  19).  Neuilly  sur  Seine,  France:  North  Atlantic  Treaty  Organization,  Advisory 
Groip  for  Aerospace  Research  and  Development,  December  1969.  (NTIS  No. 
N70 -16962) 

Smith,  R.  C.,  &  Melton,  C.  E.  Effects  of  a  ground  trainer  on  the  psychological  and 
physiological  states  of  students  in  private  pilot  training.  Washington,  DC:  Federal 
Aviation  Administration,  March  1976.  (NTIS  No.  AD-A024  704) 

Smyth,  R.  K.  State  of  the  art  survey  of  technologies  applicable  to  NASAIs  aeronautics, 
avionics  and  controls  program  (NASA -CR -159050).  Washington,  IX:  National 

Aeronautics  and  Space  Administration,  May  1979.  (NTIS  No.  N79-27087) 

Smyth,  R.  K.  Avionics  and  controls  in  review.  Astronautics  and  Aeronautics,  1980,  18(4), 
40-52.  "  ~~ 


94 


Smode,  A.  F.  Training  device  design:  Human  factors  requirements  in  the  technical 

approach  (NAVTRAEQUI  FC  EN  -  71 -C -001 3 -1 ).  Oriando,  FL :  Naval  Training  Equipment 
Center,  August  1972. 

Smode,  A.  F.,  &  Hall,  E.  R.  Translating  information  requirements  into  training  device 
fidelity  requirements.  Proceedings  of  the  19th  Annual  Meeting  of  the  Human  Factors 
Society.  Santa  Monica,  CA:  Human  Factors  Socii  ty,  October  1975. 

Sower,  J.  F.  Improved  vxeather  data  for  general  avution  operations.  Proceedings  of  the 
First  FAA  Ceneral  Aviation  Research  and  Development  Conference.  Washington,  IX: 
Federal  Aviation  Administration,  August  1977. 

Stanek,  P.  Study  of  capabilities,  necessary  characteristics  and  effectiveness  of  pilot 

group  trainers,  Vol.  I  (FAA-RD-72-127,!)-  Washington,  DC:  Federal  Aviation 

Administration,  January  1973a.  (NTIS  No.  AD-755  681) 

Stanek,  P.  Study  of  capabilities,  necessary  characteristics  and  effectiveness  of  pilot 

group  trainers,  Vol.  II  ( FAA -RD- 72 -127, 1 1 ).  Washington,  [X:  Federal  Aviation 

Administration,  January  1973b.  (NTIS  No.  AD-755  682) 

Strickler,  M.  K.,  &  Eggspuehler,  J.  J.  Ceneral  aviation  safety:  Fact  and  fiction.  AIAA 
Student  Journal,  1975,  J_2,  8-12. 

Swezey,  R.  W.,  &  Pearlstein,  R.  B.  Guidebook  for  developing  criterion -referenced  tests. 
Arlington,  VA:  U.S.  Army  Research  Institute  for  the  Behavioral  and  Social  Sciences, 
August  1975. 

Tashken,  M.  (Ed.).  Transcription  of  the  workshop  on  general  aviation -advanced  avionics 
systems  (NASA-CR-137861).  Washington,  DC:  National  Aeronautics  and  Space 

Administration,  May  1976.  (NTIS  No.  N76-28233) 

Teper,  G.  L.,  Hoh,  R.  H.,  &  Smyth,  R.  K.  Preliminary  candidate  advanced  avionics  system 

(FXAAS),  final  report  (NASA  CR-152026).  Washington,  DC:  National  Aeronautics  and 

Space  Administration,  September  1977. 

Thielges,  J.  R.,  &  Matheny,  W.  C.  Analysis  of  visual  discriminations  for  helicopter 
control  (Tech.  Rep.  71-13).  Alexandria,  VA:  Human  Resources  Research 

Organization,  June  1971. 

Thurston,  D.  B.  Design  for  safety.  New  York:  McGraw-Hill,  1980. 

Tobias,  J.  V.  Auditory  effects  of  noise  on  aircrew  personnel  ( FAA-AM -72 -32).  Oklahoma 
City,  OK:  Federal  Aviation  Administration  Civial  Aeromedical  Institute,  November 

1972. 

Trammel,  A.  The  three  faces  of  landing  accidents.  Business  and  Commericial  Aviation, 
1974,  34(6),  86-89. 

Trot  I  ip,  S.  An  evaluation  of  a  complex  conputer -based  flight  procedures  trainer  (ARL- 
77-1).  Savoy,  IL:  Illinois  University  at  Urbana -Champaign,  January  1977.  (NTIS  No. 
AD-A043  246) 


95 


Van  Cott,  H.  P.,  &  Kincade,  R.  C.  (Eds.)*  Human  engineering  guide  to  equipment  design 
(Rev.  ed.).  Washington,  DC:  U.S.  Government  Printing  Office,  1972. 

Vineberg,  R.,  &  Joyner,  J.  N.  Instructional  system  development  (ISP)  in  the  armed 
services:  Methodology  and  application  (HumRRO-TR-80-1 ).  Alexandria,  VA:  Human 
Resources  Research  Organization,  ) anuary  19 80. 

Viteles,  M.  A.  The  aircraft  pilot,  five  years  of  research:  A  summary  of  outcomes. 
Washington,  IX:  National  Research  Council,  June  1945. 

Weislogel,  G.  S.,  &  Miller,  J.  M.  Study  to  determine  the  operational  profile  and  mission 
of  the  certificated  instrument  rated  private  and  commercial  pilot  (FAA-RD-70-51). 
Washington,  DC:  Federal  Aviation  Administration,  July  1970. 

Welsh,  K.  W.,  Vaughan,  J.  A.,  &  Rasmussen,  P.  G.  Survey  of  cockpit  visual  problems  of 
senior  pilots  (FAA-AM -77-2).  Washington,  DC:  Federal  Aviation  Administration, 

December  1976.  (NTIS  No.  AD-A037  587) 

Wiener,  E.  L.  Aircraft  collisions.  Proceedings  of  the  23rd  Annual  Meeting  of  the  Human 
Factors  Society.  Santa  Monica,  CA:  Human  Factors  Society,  October  1979. 

Wiener,  E.  L.  Controlled  flight  into  terrain  accidents:  System- induced  errors.  Human 
Factors,  1977,  T9,  171-182. 

Williams,  A.  C.  Discrimination  and  manipulation  in  goal -directed  instriment  flight. 
Aviation  Research  Monographs,  1971,  1J1),  1-47. 

Young,  L.  1.,  Jensen,  R.  S.,  &  Treichel,  C.  W.  Uses  of  a  visual  landing  system  in 
primary  flight  training  (ARL-73-26).  Savoy,  IL:  Uhiversity  of  Illinois  at 

Urbana -Champaign,  October  1973. 

Zeller,  A.  F.  Three  decades  of  USAF  efforts  to  reduce  human  error  accidents  1947-1977. 
Paper  presented  at  the  35th  Specialists  Aerospace  Medical  Panel  Meeting  of  NATO 
Advisory  Group  for  Aerospace  Research  and  Development,  Paris,  November  1978. 


96 


APPENDIX  A 


LIST  OF  PERSONNEL  INTERVIEWED 


Following  is  a  list  of  organizations  and  individuals  interviewed. 
Aircraft  Owners  and  Pilots  Association 

•  Russell  S.  Lawton 

Federal  Aviation  Administration  Headquarters 

•  Bernard  A.  Geier 

•  Raymond  ).  Hilton 

•  Patrick  E.  Russell 

General  Aviation  Manufacturers  Association 

•  Gary  S.  Livack 

National  Aeronautics  and  Space  Administration  (Ames) 

•  Charles  E.  Billings 

•  Sandra  G.  Hart 

•  John  K.  Lauber 

National  Aeronautics  and  Space  Administration  (Langley) 

•  James  J.  Adams 

•  Hugh  P.  Bergeron 

•  John  D.  Shaughnessy 

•  Joseph  W.  Stickle 

•  Robert  J.  Tapscott 

Federal  Aviation  Administration  Technical  Center 

•  Anthony  J.  Barile 

•  Edward  P.  Buckley 

•  Jack  D.  Edmonds 

•  Wayne  D.  Howell 

•  Robert  J.  Ontiveros 

•  Lee  E.  Paul 

•  Robert  H.  Pursel 

•  Constantine  Sarkos 
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National  Business  Aircraft  Association,  Inc. 

•  William  Fanning 

•  William  H.  Stine 

National  Transportation  Safety  Board 

•  James  W.  Danaher 

•  Emmerson  Eitner 

•  Bernard  Loeb 

•  Clifford  P.  Seitz 

Naval  Safety  Center 

•  Robert  A.  Alkov 
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APPENDIX  B 


LIMITATIONS  ON  THE  USE  OF  ACCIDENT  DATA  FOR  IDENTIFYING 
HUMAN  FACTORS  DESIGN  ISSUES 


The  identification  and  prevention  of  pilot  performance  problems  requires  knowledge  of  a 
variety  of  factors  that  influence  performance  during  flight.  Taken  as  a  whole,  these 
influences  have  been  referred  to  as  'human  factors'  in  this  report.  That  is,  they  are  the 
variables  that  affect  pilots'  acquisition  and  processing  of  information  needed  to  perform 
flight  tasks  and  that  govern  the  actions  pilots  take  because  of  this  information. 

Discussions  in  Chapters  II  through  VIII  reveal  how  diverse  such  relevant  human  factors  are, 
and  how  joint  effects  of  factors  form  patterns  that  govern  pilots'  responses  in  ways  that 
often  cannot  be  traced  to  individual  factors  per  se.  Therefore,  pilot  performance  problems 
cannot  generally  be  attributed  to  a  'cause*  in  the  usual  sense  of  the  term.  Undershooting 
a  runway  on  landing  may  be  due  to  a  misjudgment  of  altitude  by  the  pilot;  but  saying  that 
the  perceptual  error  was  the  cause  of  the  mistake  reveals  nothing  that  can  help  in  avoiding 
similar  problems  in  the  future.  Would  manipulation  of  the  characteristics  of  the  visual 
scene  peculiar  to  that  airport,  such  as  runway  markings  and  lighting,  prevent  other  pilots 
from  making  the  same  error?  Would  changing  the  dynamics  of  the  aircraft  enable  other 
pilots  who  realize  they  have  made  the  same  perceptual  error  to  avoid  the  crash?  If  a 
different  type,  or  timelier,  information  is  made  available  from  aircraft  displays  or  from 
tower  personnel,  would  other  pilots  make  the  necessary  adjustments  in  their  approach? 
Would  modifying  training  with  respect  to  processing  the  cue  information  pertinent  to  those 
circumstances  reduce  the  number  of  pilots  who  made  such  errors? 

Roughly  analogous  questions  could  be  raised  regarding  failures  of  aircraft  structural  and 
mechanical  components  that  lead  to  accidents.  Suppose  the  landing  gear  on  a  new  aircraft 
tends  to  fail  during  routine  landings.  The  accident  reports  will  reveal  that  such  failures 
occurred.  But,  simply  knowing  that  it  failed  does  not  tell  the  manufacturer  how  to  make 
a  safer  landing  gear;  or,  indeed,  even  if  he  needs  to  do  so  (e.g.,  the  problem  may  be  due 
to  maintenance  procedures).  Is  a  different  structure  needed?  How  might  changes  in  com¬ 
position  of  materials  used  in  the  landing  gear  increase  strength?  What  changes  in  testing 
standards  would  identify  potentially  faulty  landing  gear?  What  changes  should  be  made  in 
maintenance  procedures  that  would  prevent  the  problem  from  occurring? 

Such  questions  are  asked,  of  course,  and  improvements  are  made  through  answering  them. 
But  the  questions  are  asked  and  answered  by  engineers  who  realize  that  a  faulty  landing 
gear  that  'caused'  an  accident  is  a  result  of  one  or  more  of  a  host  of  physical  factors 
and  engineering  decisions  that  went  into  its  manufacture  and  maintenance.  One  does  not 
expect  to  find  the  set  of  possible  remedies  to  a  given  difficulty  in  the  record  of  the 
accident  itself. 

Similarly,  ascribing  an  aircraft  accident  to  'pilot  error'  does  not  answer  the  question  that 
must  be  answered  before  similar  accidents  can  be  avoided.  It  is  necessary  that  human 
factors  engineers  attack  the  problem  in  terms  of  the  factors  that  govern  pilot  performance 
and  of  the  decisions  that  prescribe  contexts  and  contingencies  for  performance. 
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While  solving  pilot  performance  problems  involves  analyses  that  go  beyond  data  normally 
available  in  accident  analyses,  there  are  things  that  can  be  learned  from  studying  accidents 
that  will  aid  in  identifying  and  preventing  performance  problems.  Analyses  of  accidents 
frequently  provide  indications,  or  at  least  hints,  as  to  the  nature  of  factors  that  led  to 
the  accidents.  The  validity,  quality,  and  specificity  of  the  information  is  usually  better 
for  structural  and  mechanical  failures  than  for  pilot  failures,  however.  When  it  comes  to 
pilot  performance  problems,  accident  data  usually  provide  little  information  that  can  clearly 
point  to  a  particular  pilot  error,  much  less  to  its  source. 

With  respect  to  pilot  performance  problems,  general  inadequacies  in  current  NTSB  and  FAA 
general  aviation  accident  data  systems  have  been  identified  by  Connor  and  Hamilton  (1979), 
Couch,  Hill,  Kolankiewicz,  and  Skelton  (1979),  GAO  (1980),  Lawton  and  Livack  (1979), 
McCourt  and  Hewin  (1979),  and  NTSB  (1976);  1979a).'  The  general  inadequacies  may  be 
summarized  as  follows: 

•  Resources  for  accident  investigations,  including  availability  of  appropriately 
trained  investigators,  are  not  adequate  to  collect  human  factors  data. 

•  The  coding  of  accident  data  is  not  adequate  for  identifying  critical  human  factors 
design  issues. 

•  The  criticality  of  different  performance  problems  cannot  be  determined  because 

exposure  data  needed  to  determine  accident  rates  are  not  available. 

•  The  computerized  information  systems  used  are  not  organized  to  facilitate 

analyses  of  human  factors  data. 

•  Organizational  constraints  regarding  resources,  recognition  of  value  of  human 
factors  analyses,  etc.,  have  restricted  use  of  information  that  is  available  in  data  banks. 

The  FAA  and  NTSB  have  recognized  these  inadequacies  and  several  programs  are  planned  or 
underway  to  improve  these  accident  data  systems  (Couch  et  al.,  1979;  GAO,  1980). 

Improvements,  however,  are  hindered  by  certain  practical  constraints.  For  example,  it  will 
be  difficult,  given  present  funding  constraints,  to  provide  the  trained  human  factors 

specialists  that  are  required  for  the  collection  of  adequate  human  factors  data  during 
investigations  of  aviation  accidents.  There  are  also  certain  limitations  on  the  information 
concerning  pilot  performance  that  can  be  collected  during  the  investigation  of  general 
aviation  accidents.  Flight  data  recorders  and  cockpit  voice  recorders  generally  are  not 
available  to  furnish  objective  data.  Moreover,  because  the  most  extensive  investigations  are 
usually  conducted  only  for  fatal  and  severe  accidents,  pilots  and  passengers  are  seldom 
available  either.  Witnesses  are  also  frequently  unavailable  because  many  general  aviation 
accidents  occur  in  remote  areas.  While  many  physical  malfunctions  in  the  aircraft  may  be 
identified  after  a  crash,  without  pilots  or  other  witnesses  to  interview,  it  is  very  difficult 
to  collect  data  on  pilot  performance  under  such  circumstances. 

1While  the  NTSB  is  primarily  responsible  for  the  analysis  of  civil  aviation  accident 
data,  due  to  resource  limitations  it  delegates  responsibility  to  the  FAA  for  most  general 
aviation  accidents,  except  for  fatal  and  a  few  selected  other  types  of  accidents.  Thus, 
both  the  NTSB  and  FAA  maintain  general  aviation  accident  data  bases  (Couch  et  al.,  1979; 
Edwards,  1975). 


Even  when  pilots  or  other  witnesses  are  available,  reliable  and  valid  human  factors  data 
may  be  difficult  to  obtain.  Humans  are  not  good  observers  of  complex  events.  It  is  hard 
for  us  to  remain  uninvolved  in  events,  and  record  objectively  what  transpires,  especially  in 
a  situation  as  emotionally  arousing  as  an  accident  (Chapanis,  1959).  Furthermore,  the 

possibility  of  legal  complications  or  fines  as  a  result  of  violation  of  Federal  Aviation 
Regulations  can  bias  the  testimony  of  those  involved  in  the  accident. 

In  view  of  the  general  inadequacies  of  current  accident  data,  and  limitations  on  the 
improvement  of  accident  data  systems  with  respect  to  the  identification  of  pilot 
performance  problems,  identification  of  such  problems  should  be  approached  in  a  compre¬ 
hensive  manner  utilizing  the  gamut  of  analytical  and  empirical  research  metFiods  that  are 
available  to  aid  in  the  design  of  the  system  components  discussed  in  this  report.  Such  an 
approach  is  described  in  Chapter  VIII. 

The  use  of  this  comprehensive  approach  has  the  additional  advantage  over  the  use  of 
accident  data  of  providing  a  framework  for  anticipating  and  preventing  pilot  performance 
problems.  Ceneral  aviation  is  expected  to  change  substantially  in  the  near  future. 

Appropriate  identification  and  analysis  of  human  factors  issues  associated  with  these 

changes  can  reveal  actions  that  will  be  needed  to  promote  flight  safety  before  the  changes 

themselves  appear  (and  before  accidents  can  occur).  With  such  preparation,  pilot 
performance  problems  can  certainly  be  reduced  in  number  and  severity  compared  with  what 
they  would  be  without  a  comprehensive  human  factors  framework  to  anticipate  their  nature 
and  guide  development  of  preventive  measures. 
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APPENDIX  C 


LIST  OF  THE  HUMAN  FACTORS  DESIGN  ISSUES  AND  THEIR  ASSESSED  PRIORITIES 


This  appendix  contains  a  listing  of  each  of  the  human  factors  design  issues  identified  in 
this  project.  Each  of  the  issues  was  assigned  to  one  of  three  categories  of  research 
priority.  Design  issues  that  were  considered  to  be  of  greatest  research  priority  are 
assigned  to  Category  1.  Category  2  includes  those  design  issues  judged  to  be  of  somewhat 
lower  priority  than  Category  1.  Category  3  contains  those  issues,  although  important,  that 
were  considered  to  be  of  lowest  research  priority.  Descriptions  of  the  criteria  and 
procedures  employed  to  make  these  assignments  are  provided  in  Chapter  I. 


PRIORITY 

HUMAN  FACTORS  DESIGN  ISSUES  CATECORY 


1.  Identification  of  Requirements  for  Human  Factors 
Engineering  Standards  and  Guidance  for  Aircraft 

Controls  and  Displays  _1 


2.  Development  of  Objective  Assessment  Methods  for  Aircraft 

Handling  Qualities  _2 


3.  Identification  of  Requirements  for  Extracockpit  Visibility 

Criteria  and  Guidelines  3 


4.  Identification  of  Requirements  for  Human  Factors  Guidelines 

and  Standards  Concerning  Intracockpit  Noise  and  Vibration  _3 


5,  Identification  of  Requirements  for  Integrated  Flight 

Management  Systems  _1 


6.  Generation  of  Runway  Surface,  Marking,  and  Lighting 

Requirements  _ 3 


7,  Identification  of  Requirements  for  Airport  Approach  Aids  _3 


8.  Identification  of  Requirements  for  Normal  and  Emergency 

Aircraft  Operating  Procedures  _2_ 


9.  Determination  of  Information  Dissemination  Methods  for 

Aircraft  and  Subsystem  Operating  Procedures  _2 


10.  Determination  of  Requirements  for  Aircraft  and  Subsystem 

Performance  Data  2 
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HUMAN  FACTORS  DESICN  ISSUES 


11.  Specification  of  Formats  for  Presentation  of  Aircraft  and 

Subsystem  Performance  Data 

12.  Assessment  of  Impact  of  Different  Airspace  Assignments  on 

Pilot  Performance 

13.  Identification  of  Requirements  for  Modification  of  Minimum 

Visibility  and  Cloud  Clearance  Standards  for  VFR  Flight 

14.  Development  of  Cuidance  for  the  Design  of  Instrument 

Flight  Procedures 

15.  Identification  of  Requirements  for  Communications  Between 

General  Aviation  Pilots  and  Air  Traffic  Control  Personnel 

16.  Identification  of  Requirements  for  Communications  Between 

General  Aviation  Pilots  and  Flight  Service  Personnel 

17.  Determination  of  Flight  Experience  Requirements  for 

Certificates  and  Ratings 

18.  Determination  of  Medical/Psychophysiological  Requirements 

for  Certificates  and  Ratings 

19.  Identification  of  Task  Subsets  for  Current  Certificates 

and  Ratings 

20.  Identification  of  Needs  for  New  Certificates 

21.  Identification  of  Needs  for  New  Ratings 

22.  Identification  of  Training  Requirements  for  Certificates 

and  Ratings 

23.  Determination  of  Training  Techniques  for  Use  in  the  Aircraft 

24.  Determination  of  Training  Methods  for  Use  in  Pilot  Training 

Devices 

25.  Determination  of  Training  Device  Fidelity  Requirements 

26.  Design  of  Instructional  Support  Features 

27.  Determination  of  Instructor  Training  Requirements 

28.  Development  of  Guidance  for  Recurrent  Instructor  Training 


PRIORITY 

CATEGORY 

2 

2 

3 

2 

1 

2 

3 

3 

1 

3 

2 

1 

3 

2 

2 

2 

1 

2 


C-2 
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29.  Development  of  Cuidance  for  the  Modification  of  Written 

Proficiency  Tests 

30.  Development  of  Objective  Flight  Checks 

31.  Identification  of  Techniques  for  Using  Alternative  Test  Media 

32.  Determination  of  Requirements  for  Continuation  Training 

33.  Identification  of  Methods  for  Encouraging  Continuation 

T  raining 

34.  Determination  of  Requirements  for  the  Recurrent  Assessment 

of  Pilot  Proficiency 

35.  Determination  of  Guidance  for  Structuring  the  BFR 


PRIORITY 

CATEGORY 

2 

3 

3 

1 

2 

1 
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